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SUMMARY 
A s i g n i f i c a n t problem confronting the southern pulp and paper 
industry i s decision making in the area of long-term f o r e s t management. 
In p a r t i c u l a r , the f o r e s t must be considered a renewable resource which 
must be managed in an economical and e f f e c t i v e manner. 
The object ive of t h i s thes i s i s the development of a technique 
whereby the ind iv idua l pulp-producing company can evaluate the l e v e l of 
f o r e s t management required to support a continuing demand for pulp from 
a l imited company contro l led f o r e s t resource . To achieve t h i s goal , 
separate but r e l a t e d d i g i t a l simulation models are developed f o r f o r e s t 
investment and management. 
The f o r e s t investment model i s constructed in the "DYNAMO" com­
puter language. The model i s used to evaluate the r e l a t i v e p r o f i t a ­
b i l i t y of d i f f e r e n t f o r e s t management treatments on d i f f e r e n t types of 
land using r a t e - o f - r e t u r n on investment as the measure of e f f e c t i v e n e s s . 
Multiple runs of the f o r e s t investment model are used in d e t e r ­
mining a unique cutt ing sequence for an exhaustive se t of d i f f e r e n t 
types of land. The sequence i s based on a r e g r e t function involving 
incremental changes in r a t e - o f - r e t u r n . 
The concept of the unique cutt ing sequence i s used in developing 
a l a r g e - s c a l e simulation model of a heterogeneous f o r e s t resource . Con­
structed in the "ALGOL" language, the f o r e s t management model simulates 
the dynamic behavior of the f o r e s t resource as a f fec ted by growth, 
f o r e s t management p o l i c i e s , and harvest ing dec is ions . The model 
incorporates; the dual objec t ives of demand s a t i s f a c t i o n and p r o f i t a b l e 
investment. 
The models are general in nature and allow experimentation with 
d i f f e r i n g se t s of parameters, c o e f f i c i e n t s , and p o l i c i e s . Numerical 
r e s u l t s are of course dependent on input parameters. Although no p o l i ­
cies of optimal f o r e s t management are evident from t h i s s tudy, the 
models are representa t ive of the r e a l - w o r l d f o r e s t management environ­
ment and can be used as a decision making t o o l by the company engaged 




Nature of the Problem 
During the past s e v e r a l decades there have been s i g n i f i c a n t i n ­
creases in the nat ional demand f o r paper and other woodpulp-based prod­
uct s . In 1964 Chidester (1 ) reported tha t the annual per capi ta con­
sumption of paper and paperboard was 450 pounds—more than: f i v e times 
that of 1920 . He f u r t h e r predicted that the demand f o r woodpulp-based 
products could we l l t r i p l e by the year 2000. Beggs (2) pointed out that 
in 1964 the nat ion's pulp m i l l s consumed some 49 ,000 ,000 cords of wood 
and predicted that by 1975 over 77 ,000 ,000 cords per year w i l l be 
required . 
Likewise, over t h i s same period of t ime, the pulpwood industry in 
the South has shown exceptional growth. In 19 20 , there were 24 pulp-
mi l l s operating in the South with an average m i l l production capacity of 
41 tons of pulp per day ( 3 ) . In 1 9 6 4 , 82 m i l l s were in operation and 
average m i l l capacity had increased to approximately 690 tons per day 
( 4 ) . Even more s i g n i f i c a n t , in 1 9 2 0 , the South's share of the nat ional 
market was only 6 per cent; but in 1961 the capacity of southern m i l l s 
represented 57 per cent of the t o t a l nat ional production capacity ( 5 ) . 
Thus i t can be concluded that while the South i s c u r r e n t l y accom­
pl i sh ing a l a r g e - s c a l e task of producing and c o l l e c t i n g wood f o r pulp­
ing, the task w i l l grow s u b s t a n t i a l l y in the f u t u r e . ' 
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During the past ha l f century of growth in the Southern pulpwood 
indus try , however, the system of procuring and transport ing wood to the 
m i l l has changed l i t t l e . Around 1 9 2 0 , the pulp companies adopted the 
prac t i ce of appointing l o c a l merchants as wood buyers . These merchants 
bought wood from a large number of small independent producers and 
transported i t to the m i l l . Although t h i s system has been modified to 
some degree over the y e a r s , e s s e n t i a l l y the same wood procurement system 
e x i s t s today. In 1 9 6 1 , B r i t t (6) estimated that 88 per cent of a l l 
pulpwood procurement in the United States was harvested by independent 
producers and that 6 3 per cent was routed to the m i l l through a d e a l e r . 
In the South, the producer dealer system predominates to an even greater 
degree. 
Under the dealership system, which was described by Busch (7) as 
". . . a p r a c t i c a l method to keep up with the many small t ransact ions 
necessary to accumulate mi l l ions of cords of pulpwood each y e a r , " South­
ern pulp m i l l s have experienced numerous problems with wood flow and 
wood shortages . Shortages of major proportions occurred in 1955 and 
1959 and l e s s acute more loca l i zed shortages have' occurred at other 
t imes. I t i s the very nature of the procurement system which has con­
t r ibuted to these shortages . The independent producers have simply not 
been able to keep up with the increases in demand required to support 
the Southern m i l l s . 
For the most p a r t , pulpwood harvest ing i s only a part-t ime, occu­
pation f o r the independent producers. Many small farmer-landowners 
harvest pulpwood only during the winter months when they are not engaged 
with farming a c t i v i t i e s . In addi t ion , those producers that harves t 
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pulpwood on a f u l l - t i m e bas is genera l ly operate on a small scale , often 
employing only one crew and the simplest of harvest ing techniques and 
equipment. 
Of s i g n i f i c a n t importance to the pulpwood industry has been the 
impact of mechanization. S i l v e r s i d e s (8) described t h i s r e l a t i o n s h i p in 
d e t a i l . A labor intens ive operation (as e x i s t s in the producer-dealer 
system) i s very f l e x i b l e , although r e l a t i v e l y i n e f f i c i e n t . Labor costs 
make up the l a r g e s t par t of the t o t a l cost and changes in t o t a l produc­
t i v i t y can be regulated by changing the s ize of the work f o r c e . In a 
highly mechanized operat ion, however, t o t a l cost i s predominantly made 
up of the cost of c a p i t a l equipment. The r e s u l t i s a r i g i d i t y in cost 
per unit r e l a t e d to the capacity of the mechanized system. As ef f ic iency 
and produc t iv i ty are s t r e s s e d , the degree of mechanization i s increased. 
Likewise, as c a p i t a l investments are increased, there i s a trend towards 
maximum u t i l i z a t i o n . I t i s here that the weakness of the producer-
dealer system i s ev ident . Mechanized equipment has been developed dur­
ing the past two decades that i s capable of s i g n i f i c a n t l y improving the 
product iv i ty of the harvest ing operation. However, due to the large 
investment required and the small sca le of t h e i r operat ions , the inde­
pendent producers of pulpwood are incapable of mechanization to any 
great degree. Investment in mechanization general ly involves the pur­
chase of numerous pieces of equipment such as h a r v e s t e r s , skidders and 
trucks in order to balance the product iv i ty of the system. Such a quan­
tum jump in investment i s often p r o h i b i t i v e f o r the independent producer 
and represents a r i s k which most producers are unwil l ing to take . The 
importance of the mechanization concept was pointed out in a study of 
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the Southern pulpwood procurement system by Hamilton ( 9 ) . The primary 
recommendation of th i s study was tha t the hauling function be removed 
from the producer and assigned to hauling s p e c i a l i s t s . Because of t h e i r 
s i z e , the hauling s p e c i a l i s t s would be b e t t e r able to add trucks ( i n ­
crease capac i ty ) . Likewise, the producers could concentrate t h e i r capi­
t a l on improved harvest ing equipment. 
Another major problem confronting the Southern pulp and paper 
industry i s that of land p r o d u c t i v i t y . The U. S. Forest Service ( 1 0 ) 
inves t igated the product iv i ty of privately-owned f o r e s t land by ranking 
recent ly cut timber land into three product iv i ty c l a s s e s . Results showed 
that the South had the lowest percentage of i t s f o r e s t land in the upper 
product iv i ty c lass and the highest percentage in the lowest product iv i ty 
c lass f o r every s ize of f o r e s t ownership. The d i f ference in product iv i ­
ty between i n d u s t r i a l l y - and privately-owned land i s shown in Table 1 
for the period 1956 through 1966 . 
Table 1 . Land Product iv i ty in the South 
Individual Ownership Company Ownership 
Year (Cords per Acre) (Cords per Acre) 
1956 0.092 0.209 
1958 0 .087 0 .170 
1960 0 .095 0 . 1 9 4 
1962 0 .097 0 .219 
1964 0 . 1 0 3 0 .248 
1966 0 . 1 1 9 0 .253 
Source: Southern Pulpwood Conservation Asso­
c i a t i o n , Economic Analysis of the 
Southern Pulp and Paper Industry. 
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Values were obtained by dividing production of pulpwood by total acreage 
in the two cases. Company-owned land is shown to have a significant 
advantage over individually-owned land in terms of productivity per acre. 
Landsberg ( 1 1 ) pointed out some of the reasons why the produc­
tivity of so much of the forest land in the South is so far below that 
found on better managed lands of similar forest type. Basically, inde­
pendent non-industrial forest owners are a heterogeneous group with many 
reasons inhibiting their practice of forestry. Included are such reasons 
as lack of assets, lack of knowledge of forestry economics, and the small 
magnitude of returns from the generally small forest properties held by 
the independent owner. 
Due to the advantages of large-scale mechanized harvesting opera­
tions, the increased productivity of company-owned land, and the prob­
lems that have been experienced with the producer-dealer procurement 
system, companies in the pulp and paper industry have commenced an in­
tensive program of land acquisition. Companies operating in the South 
have benefited greatly from the vast timber reserves in that part of the 
country. About 630 million acres in the U. S. now grow trees and nearly 
three-fourths of this forest land is capable of producing commercial 
timber. The South, with some 201 million acres, possesses approximately 
45 per cent of the nation's commercial forestland. 
The extent of the pulp and paper companies' efforts toward land 
ownership can be seen from the trends in land ownership structure. Com­
mercial forest land can be divided into two main categories according to 
type of ownership: industrial and non-industrial. Non-industrial forest 
ownership includes all privately- and publicly-owned commercial forest 
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propert i e s not associated with wood manufacturing f i rms . During past 
y e a r s , changes in ownership have been subs tant ia l but have near ly 
balanced one another with the t o t a l acreage almost constant . I n d u s t r i a l 
ownership has increased, with a decl ine in lumber companies' ownership 
and an increase in land held or contro l led under lease by pulp and paper 
companies ( 1 2 ) . Table 2 shows the trend in land acquis i t ion during the 
period 1956 to 1966 . The increase in land ownership by pulp and paper 
companies has been equal to 6 . 4 1 4 per cent f o r every two-year period 
during the l a s t decade ( 1 2 ) . 
Table 2. Land Acquis i t ion by Pulp and Paper Companies 
Year 
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20 ,385 ,600 
2 1 , 8 0 9 , 6 0 0 
2 1 , 8 8 8 , 5 0 0 
23 ,058 ,500 
25 , 169 ,300 




9 . 1 5 
Source: Southern Pulpwood Conservation Assoc iat ion , 
Economic Analysis of the Southern Pulp and 
Paper Industry. 
The growing of f o r e s t s and the kind of f o r e s t management required 
to maintain f o r e s t product iv i ty are long-term a c t i v i t i e s tha t require 
programs and investments that may not show s i g n i f i c a n t re turns f o r many 
decades. Investment in land and standing t imber, together with expenses 
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f o r f i r e and disease p r o t e c t i o n , t a x e s , management expenses, and i n t e r ­
est charges r e s u l t s in a s i gn i f i can t c a p i t a l o u t l a y , e spec ia l l y when 
the amount of land i s l a r g e . 
The f a c t that large areas are needed f o r p r o f i t a b l e f o r e s t r y , and 
the p o s s i b i l i t y of sh i f t ing much of the necessary re turn from the wood 
operation tc the processing operat ion , provides subs tant ia l advantages 
to l a r g e - s c a l e company ownership of land. Under company ownership and 
d i r e c t i o n , the pulpwood procurement a c t i v i t y can be s i g n i f i c a n t l y im­
proved to provide a more steady flow of wood to the m i l l . In addi t ion , 
the large sca le of company harvest ing operations provides the p o t e n t i a l 
f o r investment in mechanization and a s i g n i f i c a n t reduction in the cost 
per cord of wood de l ivered to the m i l l . 
Investment in f o r e s t r y can be undertaken economically only i f the 
operation i s conducted on a large sca le and only with a high l e v e l of 
f o r e s t management. The pulp and paper company contro l l ing a large f o r ­
est resource must prac t i ce an intens ive long-term program of sustained 
y i e l d management i f i t i s t o achieve a s a t i s f a c t o r y re turn on invested 
c a p i t a l . 
In managing f o r sustained y i e l d , the indiv idual company i s con­
fronted with many a l t e r n a t i v e s to choose from. In p a r t i c u l a r , a l a r g e -
sca le f o r e s t holding w i l l undoubtedly contain many types of land (as 
defined by s i t e index) . The company must evaluate the p r o f i t a b i l i t y of 
d i f f e r e n t f o r e s t management treatments on d i f f e r e n t types of land in 
order to optimize t h e i r f o r e s t management investment. A l so , the amount 
of the f o r e s t resource required and the product iv i ty of d i f f e r e n t f o r e s t 
management p o l i c i e s must be balanced against the long-term projec t ion of 
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demand f o r wood. In the long run , i t i s desired to minimize investment 
in land and f o r e s t management while s t i l l meeting the annual demand f o r 
wood. I t i s the problem of decision making in long-term sus ta ined-y ie ld 
f o r e s t management to which t h i s research i s d irec ted . 
Statement of Objectives 
The general objec t ive of t h i s research i s the development of a 
technique whereby the indiv idual pulp-producing company can evaluate the 
l e v e l of f o r e s t management required to support a continuing demand f o r 
pulp from a l imited company-controlled f o r e s t resource . Spec i f i c objec­
t i v e s are as fo l lows: 
(1 ) Development of a general f o r e s t investment model capable of 
evaluat ing the r e l a t i v e p r o f i t a b i l i t y of d i f f e r e n t f o r e s t management 
treatments on d i f f e r e n t types of land. Such a model w i l l consider the 
r e l e v a n t costs and revenues associated with a complete cycle of timber 
growth and harvest ing . Rate of re turn on investment w i l l be used as the 
primary measure of p r o f i t a b i l i t y . 
(2) Development of a general f o r e s t management model to simulate 
the long-term behavior of a heterogeneous f o r e s t resource . Harvesting 
decisions in the model are to be based on a cutt ing sequence as d e t e r ­
mined by p r o f i t a b i l i t y cons iderat ions . The model i s to simulate the 
dynamic behavior of the f o r e s t as affected by growth, f o r e s t management 
p o l i c i e s , and harvest ing dec is ions . 
(3) Experimentation with the f o r e s t management model under d i f ­
f e r e n t demand pat terns to determine r e l a t i o n s h i p s between f o r e s t manage­
ment decisions and the long-term c a p a b i l i t y of the f o r e s t resource to 
meet a continuing demand for pulp. 
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L i t e r a t u r e Survey 
The f i e l d of long-term sustained y i e l d f o r e s t management i s r e l a ­
t i v e l y new and no compact body of knowledge e x i s t s tha t completely de­
scr ibes the s t a t e - o f - t h e - a r t . Techniques and concepts that have been 
developed tc date have been drawn from the ideas of s e v e r a l i n t e r r e l a t e d 
d i s c i p l i n e s such as h e u r i s t i c - o r i e n t e d mathematics, general system 
theory , operations re search , systems a n a l y s i s , resource system modeling, 
f o r e s t economics, and computer simulation theory . The approach taken in 
t h i s l i t e r a t u r e survey was t o inves t iga te both the too l s and techniques 
that have been applied in f o r e s t management and the s i g n i f i c a n t research 
e f f e c t s that have been directed towards improving f o r e s t management con­
cepts and methodologies. 
The nature and s igni f icance of current developments in f o r e s t 
management i s described by Hall ( 1 3 ) . In h i s in troduct ion , Hall s t a t e s : 
"Management science i s catching up with the needs of the executive who 
forms po l i cy about large holdings of f o r e s t land." This i s considered 
a s i g n i f i c a n t development since the wood-using industr ies h i s t o r i c a l l y 
have not considered themselves experimenters with new business methods. 
Management science i s beginning to a s s i s t f o r e s t managers with such 
problems as the fol lowing: 
( 1 ) Whether or not to buy more fores ted land? 
(2) How much can be paid f o r i t ? 
(3) How much can be invested each year in plant ing or other 
s i l v i c u l t u r a l prac t i ce s? 
(4) What inventory of standing timber should be carr i ed? 
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(5) How should blocks of land be scheduled for harvest and 
regeneration? 
Hall emphasizes the systems concept in f o r e s t management and s t a t e s : 
No longer i s concern s o l e l y with manipulation of land t r a c t s , 
s o i l p r o d u c t i v i t y , d i s t r i b u t i o n of t r e e s i zes and volumes, 
measurement methods, and maximizing production from the eco­
l o g i c a l community which i s the f o r e s t . Now the managers must 
develop e n t i r e organizations of people , land, t r e e s , markets, 
and f i n a n c i a l resources in to smoothly functioning uni ts . . . 
In discussing spec i f i c techniques in f o r e s t management, Hall 
emphasizes simulation as the technique with the greates t p o t e n t i a l f o r 
immediately usable answers to operating quest ions . Simulation has been 
p a r t i c u l a r l y useful in r e a l i s t i c a l l y scheduling cutt ing and replant ing 
operations on a large managed f o r e s t . By varying cutt ing p o l i c i e s and 
schedules , one can a r r i v e at the schedule which comes c loses t to meeting 
r e s t r i c t i o n s of demand, maximum growth, minimum wood cos t , e t c . The 
technique has been demonstrated by the FOPS program at the Univers i ty of 
Georgia ( 1 4 ) , and by Gould and 0'Reagan ( 1 5 , 1 6 ) . 
I t must be remembered, as Hall points out , tha t simulation i s not 
a panacea f o r a l l business problems. Models do not provide dec i s ions; 
they only t e s t the outcomes of decisions under broad assumptions and 
p r e d i c t i o n s . Even then, a simulation model can t e s t only a small per ­
centage of the i n f i n i t e combinations of f a c t o r s that may be present in 
the rea l -wor ld system. 
Chappelle (17) a l so s t r e s s e s the importance of modeling in f o r e s ­
t r y research and points out that the a c t i v i t y of model building for 
diagnostic studies of f o r e s t management i s s t i l l in the e a r l y stages of 
development. Chappelle emphasizes the r e l a t i v e lack of dynamic models 
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in f o r e s t r y economics. The most common type of model used in f o r e s t r y 
research i s the comparative s t a t i c model. Although dynamic models are 
often considered the ult imate aim, t h e i r development has not measured up 
to expectations because of both t h e o r e t i c a l and computational d i f f i c u l ­
t i e s . 
The t r a d i t i o n a l f o r e s t regulat ion model i s reviewed and cr i t iqued 
in d e t a i l by Thompson ( 1 8 ) . As o r i g i n a l l y conceptualized, the model 
consis ts of a f o r e s t composed of even-aged, fu l ly - s tocked lands , with 
one age c lass f o r each year of the r o t a t i o n . In addi t ion , each age 
c lass i s represented by an area of equal p r o d u c t i v i t y . The probable 
reason f o r development of the model was a need for long-range planning 
of f o r e s t production. Attainment of the model produces, among other 
things , the fol lowing three condit ions: 
1 . "A y e a r l y cut of approximately equal volume." 
2 . "A y e a r l y cut of about the same age, s i z e , and q u a l i t y of 
t imber, and hence a y e a r l y income of about the same amount." 
3. "A current growth and income obtained from a f o r e s t c a p i t a l 
no l a r g e r than necessary, thus insuring a maximum r a t e of 
re turn upon t h i s c a p i t a l . " 
Thompson's main c r i t i c i s m of the model i s that conditions commonly 
associated with a t ta in ing the model are incompatible with economic con­
s i d e r a t i o n s . The f o r e s t manager i s genera l ly guided by objec t ives which 
r e f l e c t a bas ic p r o f i t motivation along with managerial or i n s t i t u t i o n a l 
c o n s t r a i n t s . In t h i s r e s p e c t , the costs associated with a t ta in ing the 
model may be considerably higher than some a l t e r n a t i v e approach. For 
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example, regulat ion of an old-growth f o r e s t according to the t r a d i t i o n a l 
model could r e s u l t in l o s t revenue by delaying the harvest of over-mature 
timber. In general , the model implies cer ta in physical steps necessary 
for attainmentc These steps are divorced from economic considerations 
and are general ly inconsistent with management needs during the period 
required to a t t a i n the model. 
In concluding, Thompson s ta te s t h a t , " . . . the t r a d i t i o n a l model 
seems to be compatible only with the object ive of producing an even d i s ­
t r i b u t i o n of age c l a s s e s , i r r e s p e c t i v e of cost . . . however, completely 
adequate subs t i tu tes are not present ly a v a i l a b l e . " 
At the other extreme, Fedkiw and Yoho (19) have developed what 
can be considered a regulat ion model for the stumpage producer w i l l i n g 
to assume c e r t a i n t y regarding future y i e l d s , c o s t s , and p r i c e s , and 
whose sole management objec t ive i s maximization of present net worth. 
The model i s based on the concept of f i n a n c i a l maturi ty; that i s , timber 
harves t s are scheduled in accordance with maximizing present net worth. 
In such a model, annual y i e l d may f luc tua te quite widely. 
An a l t e r n a t e technique of f o r e s t management i s presented by 
Bentley and Kaiser ( 2 0 ) . This technique employs the use of decision 
t r e e s and i s based on the s igni f icance of sequent ia l decisions in the 
f o r e s t management cyc le . A timber management decision made a t any one 
point in time may have s i g n i f i c a n t bearing on the poss ible a l t e r n a t i v e s 
in a l a t e r decis ion. A l s o , chance event s , such as m o r t a l i t y , are s ig ­
n i f i c a n t in the decision sequence since p r o b a b i l i t i e s of occurrence are 
af fected by the decisions made. As such, a decision t r e e can be used 
to study the r e l a t i o n s h i p over time of production decisions , chance 
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events , and value outcomes. The authors describe the approach as "a 
p r a c t i c a l technique which in tegrates technica l information, economic 
a n a l y s i s , expert opinion, and managerial judgment." With appropriate 
data on costs and r e t u r n s , the expected outcomes of a l t e r n a t i v e decision 
sequences can be ranked in economic terms. Through s e n s i t i v i t y analysis , 
i t i s poss ible to ident i fy and determine the importance of key decision 
f a c t o r s . 
The authors point out that the decision t r e e i s more complex than 
the r u l e s of thumb commonly used, but need only be as complex as the 
decision problem at hand. However, sophis t icated models can be developed 
which r e l a t e a large number of decis ions and incorporate complex proba­
b i l i t y d i s t r i b u t i o n s f o r chance events . A case study of Christmas t r e e 
production i s presented as an example of the appl icat ion and usefulness 
of the technique. 
A s i g n i f i c a n t c lass of techniques of proven usefulness in f o r e s t 
management decision making i s mathematical programming. The most highly 
developed s ingle method to date i s l i n e a r programming, although introduc­
tory s tudies have been made using i n t e g e r , quadrat ic , convex, and dynamic 
programming. Scheduling of cu t t ing , p lant ing , and other s i l v i c u l t u r a l 
appl icat ions seems to be the major area of p o t e n t i a l app l i ca t ion . Sev­
e r a l companies are using l i n e a r programming models to assoc iate known 
product p o t e n t i a l i t i e s of standing timber with ant ic ipated short- term 
demand, in order to s h i f t cutt ing to meet the demand most e f f i c i e n t l y 
( 1 3 ) . 
Curt i s ( 2 1 ) presents an exce l l ent introductory treatment of the 
nature of l i n e a r programming and i t s a p p l i c a b i l i t y to f o r e s t management. 
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The author supplements h i s discussion with an example of the appl icat ion 
of l i n e a r programming to a p a r t i c u l a r f o r e s t management problem at the 
Buckeye Cel lu lose Corporation. 
Two l i n e a r programming models designed to aid in developing sus­
tained y i e l d cutt ing schedules are presented by Loucks ( 2 2 ) . In the 
f i r s t model the volume to be cut i s maximized subject to the various 
conditions imposed by nature and required by the management plan. In 
the second model, the area to be cut i s minimized while assuring a 
speci f ied y i e l d f o r each cutting .period. Various management a l t e r n a ­
t i v e s are considered and evaluated in terms of the e f f e c t on the t o t a l 
y i e l d produced. 
Addit ional examples of l i n e a r programming appl icat ions are p r e ­
sented by Kidd, et a l . (23) and Liittschwager and Tcheng ( 2 4 ) . The 
Liittschwager and Tcheng appl icat ion i s p a r t i c u l a r l y i n t e r e s t i n g in that 
i t involves the use of the decomposition p r i n c i p l e in solving a very 
l a r g e - s c a l e problem as would be experienced in a rea l -wor ld appl i ca t ion . 
Although l i n e a r programming i s in widespread use in f o r e s t man­
agement, there are numerous d i f f i c u l t i e s and l imi ta t ions associated with 
i t s app l i ca t ion . The model t r e a t s a l l v a r i a b l e s as l i n e a r and continu­
ous. Thus, although the model can schedule a number of acres to be 
t rea ted s i l v i c u l t u r a l l y or cut , i t does not a l l o c a t e which p a r t i c u l a r 
t r a c t s are to .be involved. A l so , the technique i s l imited in the time 
dimension, permitting planning only f o r a r e s t r i c t e d number of time 
per iods . In addi t ion , the model proh ib i t s v a r i a t i o n in treatments and 
sequence in the second and subsequent r o t a t i o n s . 
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A major obstacle to the appl icat ion of l i n e a r programming l i e s in 
se t t ing up a r e a l i s t i c schedule of per iodic y i e l d s per acre for each 
stand in the a n a l y s i s . The volume per acre to be c u t - - o r the expected 
y ie ld—during each cutt ing period w i l l depend on expected growth. 
Expected growth, in t u r n , w i l l depend upon cutt ing i n t e n s i t y and d i s ­
t r i b u t i o n of cut . The general equation r e l a t i n g y i e l d , growth, and cut 
i s as fo l lows: 
r e s i d u a l volume = i n i t i a l volume + growth - cut 
Since volume cut or acreage cut i s usual ly the decision v a r i a b l e , i t i s 
there fore impossible t o determine a r e a l i s t i c y i e l d schedule to use in 
the analys i s u n t i l a f t e r the ana lys i s i s complete. As such, the y i e l d 
schedule adopted i s a very s i g n i f i c a n t s impl i fy ing assumption. 
One area of f o r e s t management which has been developed to a 
f a i r l y high degree i s the use of discounted cash flow in evaluat ing 
c a p i t a l investments. In terna l r a t e of re turn i s considered by many to 
be the most r e a d i l y usable c r i t e r i o n of ana lys i s and numerous pulp and 
paper companies use i t f o r evaluat ing purchases of land and investment 
in s i l v i c u l t u r a l treatments . An example of a general computer model 
for the ca l cu la t ion of r a t e s - o f - r e t u r n f o r complex f o r e s t investment 
a l t e r n a t i v e s i s presented by Row ( 2 5 ) . The model w i l l evaluate s i x 
investment a l t e r n a t i v e s simultaneously and perform the ana lys i s r e p e t i ­
t i v e l y f o r many cost and pr i ce s i t u a t i o n s . 
The g r a v i t y of the e n t i r e f o r e s t management problem is best sum­
marized by Swan ( 2 6 ) . Swan describes fores t land as a ". . . vas t 
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renewable na tura l resource . . ." capable of ensuring a permanent f o r e s t 
crop. However, he points out that ". . . no one has invented ins tant 
t r e e s ye t . . . " and that i t i s d i f f i c u l t to motivate f o r e s t managers 
". . . who seldom attempt to look ahead as much as 10 y e a r s , to s t a r t 
looking ahead f o r periods tha t are meaningful in terms of f o r e s t manage­
ment . . . " 
Swan i d e n t i f i e s two a l t e r n a t i v e s to the f o r e s t management problem: 
". . . i n t ens i fy f o r e s t prac t i ce so ex i s t ing and future m i l l s can be 
supplied in perpetui ty with wood they can af ford to use , or r e v e r t t o a 
pol icy of simply accepting s t e a d i l y r i s i n g wood costs u n t i l the opera­
t ion becomes uneconomic." In t h i s r e s p e c t , the outlook of f o r e s t mana­
gers must decidedly be long term. 
At present the technique and methodologies associated with f o r e s t 
management are in a s t a t e of rapid advancement and development. Research 
i s progressing on numerous approaches to the problems of f o r e s t systems 
management. A l so , numerous appl icat ions to r e a l - w o r l d systems have been 
made. However, to da te , no encompassing theory of f o r e s t management has 
been developed. 
Invest igat ing Procedure 
This research was c a r r i e d out in a s e r i e s of f a i r l y d i s t i n c t 
steps as outl ined below: 
( 1 ) Problem i d e n t i f i c a t i o n and l i t e r a t u r e survey. 
(2) Construction of the Forest Investment Model. 
(3) Experimentation with the Forest Investment Model. 
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(4) Development of a cutt ing sequence based on r a t e of re turn 
cons iderat ions . 
(5) Construction of the Forest Management Model. 
(6) Experimentation with the Forest Management Model under 
d i f f e r e n t demand p a t t e r n s . 
(7) Analysis of r e s u l t s and consideration of rea l -wor ld impl i ­
cations . 
Data Sources 
The data used in es tabl i sh ing the parameters in the models were 
obtained pr imar i ly through l i t e r a t u r e searches . Data values included 
in the models are considered to be "representat ive" of the r e a l - w o r l d 
s i t u a t i o n . The models are constructed in a general format and i t i s 
assumed that appl icat ion of e i t h e r or both of the models would involve 
the inclusion of accurate data r e p r e s e n t a t i v e of the p a r t i c u l a r s i t u a ­
t ion being studied. 
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CHAPTER II 
THE FOREST INVESTMENT MODEL 
The f o r e s t investment model i s w r i t t e n in the DYNAMO computer 
language. I t i s assumed that the reader has a basic understanding of 
t h i s language as presented by Pugh ( 2 7 ) . I t should be noted that a l ­
though the DYNAMO language was developed in conjunction with Jay W. 
F o r r e s t e r ' s I n d u s t r i a l Dynamics studies at the Massachusetts I n s t i t u t e 
of Technology, the fore s t investment model i s not formulated in the 
Indus tr ia l Dynamics philosophy. Rather, the DYNAMO language i s used 
s o l e l y f o r i t s computational e f f i c i e n c y and c a p a b i l i t y f o r graphical 
output. 
General Description 
The f o r e s t investment model i s designed to evaluate the r e l a t i v e 
p r o f i t a b i l i t y of d i f f e r e n t f o r e s t management treatments on d i f f e r e n t 
types of land as defined by s i t e index. The model i s concerned with the 
indiv idual acre of land and the costs and revenues associated with one 
complete cycle of timber growth and harves t ing . 
The primary v a r i a b l e s in the model a r e : 
( 1 ) Land cost 
(2) S i t e preparation and planting cost 
(3) Stumpage pr ice 
(4) Land taxes 
(5) Forest management costs 
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(6) Yield 
(7) Investment r a t e f o r id l e c a p i t a l 
(8) In f la t ion r a t e 
The model sequence commences at YEAR=0 with the planting of an 
acre of land. Land v a l u e , s i t e preparation and planting cos t , stumpage 
p r i c e , land tax r a t e , and f o r e s t management cost are input to the model 
as constant values at YEAR=0. 
As the model progresses , a l l expenses are converted to current 
value (planting time) and recorded as i n i t i a l investment. Current v a l ­
ues of land v a l u e , stumpage p r i c e , taxes and management costs are com­
puted each year to include the e f f e c t s of i n f l a t i o n . At each y e a r , the 
r a t e of re turn i s computed based on the t o t a l value of assets a t that 
time as compared with the i n i t i a l value of a l l expenditures. Output of 
the model i s a p lo t of r a t e of re turn on investment as a function of 
t ime. 
Model Formulation 
The model i s s tructured as a closed loop system having a simple 
input dr ive and one primary output v a r i a b l e . A flow diagram of the 
e n t i r e model i s shown in Figure 1 . 
The input dr ive to the model i s nothing more than a set of t ime­
keeping equations. These equations keep track of the age of the wood 







YEAR - Current Year 
DT - Solution Time I n t e r v a l (Years) 
YINRA - Yearly Increment Rate (1 ) 
In order to take the e f f e c t of i n f l a t i o n in to account, DYNAMO 
must compute an i n f l a t i o n f a c t o r of the following form: 
INFAC=(1+INFLC)N 
INFAC - In f la t ion Factor 
INFLC - In f la t ion Constant 
N - Current Value of Years 
DYNAMO must execute t h i s computation using logarithms. The mathematical 







converting to exponential form; 




gives a numerical value f o r INFAC. 
* 
The numeric value denotes the form of the DYNAMO equation. 
The alphabet ic designator denotes the type of DYNAMO equation. Note 
that N designates an i n i t i a l condition f o r the v a r i a b l e described and 
C denotes a constant va lue . 
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The DYNAMO equations required to perform t h i s computation are as 
fo l lows: 
7A INFRA.K=UNITY+INFLC 
C UNITY=1.0 
C INFLC=.0 35 
29A INAUX.K=(YEAR.K)LOGN(INFRA.K) 
28A INFAC.K=(UNITY)EXP(INAUX.K) 
INFRA - In f la t ion Rate (Per Cent) 
UNITY - Constant of One (Dimensionless) 
INFLC - I n f l a t i o n Constant (Per Cent) 
INAUX - A u x i l i a r y Needed to Compute I n f l a t i o n Factor f o r Current Year 
(Dimensionless) 
YEAR - Current Year 
INFAC - I n f l a t i o n Factor f o r the Current Year (Dimensionless) 
The current value (at Year N) of land v a l u e , stumpage pr ice and 
the annual f o r e s t management cost i s formulated as a function of i n i t i a l 




C LANDI="A constant value dependent on 
the s i t e index of the land under 
considerat ion." 
12A MANGC.K=(INFAC.K)(MANGI) 
C MANGI="A constant value dependent on 
whether the land under consideration i s 
in p lantat ion or na tura l s t a t u s . " 
STMPC - Current Stumpage Price (Dollars/Cord) 
INFAC - I n f l a t i o n Factor f o r the Current Year (Dimensionless) 
STMPI - I n i t i a l Stumpage Price (Dollars/Cord) 
LANDC - Current Land Value (Dol lars /Acre) 
LANDI - I n i t i a l Land Value (Dol lars /Acre) 
MANGC - Current Land Management Cost (Dol lars /Acre) 
MANGI - I n i t i a l Land Management Cost (Dol lars /Acre) 
The current value of asse ts i s the sum of the current land value 
plus the current wood va lue . The current wood value i s a function of 
the current stumpage value and the value of y i e l d . In t h i s study, y i e l d 
was taken as a t a b l e of coe f f i c i en t s represent ing p o t e n t i a l cords cut i f 
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the land were cut in year N where N was taken from zero to 50 . 
7A ASSVC.K=LANDC.K+WOODC.K 
72A WOODC.K=(YIELD.K)(STMPC.K) 
59A YIELD.K=TABLE(YLD, YEAR.K,0,50,1) 
C YLD*="A set of 51 coe f f i c i en t s r e f l e c t i n g 
p o t e n t i a l y i e l d in years 0 - 5 0 . 1 1 
Current Value of Assets (Dol lars /Acre) 
Current Land Value (Dol lars /Acre) 
Current Wood Value (Dol lars /Acre) 
Yield of Land (Cords/Acre) 
Current Stumpage Price (Dollars/Cord) 
Yield Table (Cords/Acre) 
Current Year 
Since land taxes are not payable u n t i l the end of the y e a r , 
another i n f l a t i o n f a c t o r of the form: 
N+l 
INFAC1=(1+INFRA) 
i s required . Again using logari thms, the necessary DYNAMO equations 
are as fo l lows: 
7A YEAR1.K=YEAR.K+UNITY 
29A INAUX1.K=(YEAR1.K)L0GN(INFRA.K) 
2 8A INFAC1.K=(UNITY)EXP(INAUX1.K) 
Current Year Plus One 
Current Year 
Constant of One (Dimensionless) 
A u x i l i a r y Needed to Compute I n f l a t i o n Factor f o r Current Year 
Plus One (Dimensionless) 
I n f l a t i o n Rate (Per Cent) 
I n f l a t i o n Factor for Current Year Plus One (Dimensionless) 
The current value of annual taxes i s then formulated as a func­
t ion of the i n i t i a l tax r a t e and the I n f l a t i o n Factor. 
12A TAXRC.K=(INFAC1.K)(TAXRI) 
C TAXRI=1.00 
TAXRC - Current Tax Rate (Dol lars /Acre) 
INFAC1 - I n f l a t i o n Factor f o r Current Year Plus One (Dimensionless) 















Working c a p i t a l i s assumed to be invested u n t i l a c t u a l l y required. 
Thus a discount f a c t o r i s required t o determine the i n i t i a l amount of 
working c a p i t a l required to meet an expense at the end of year N. 
7A CINVF.K=UNITY+INTRC 
C INTRC=.07 
2 9A INAUXC.K=(YEAR1.K)LOGN(CINVF.K) 
2 8A INTFAC.K=(UNITY)EXP(INAUXC.K) 
20A DISFAC.K=UNITY/INTFAC.K 
CINVF - Capita l Investment Factor (Per Cent) 
UNITY - Constant of One (Dimensionless) 
INTRC - I n t e r e s t Rate f o r Idle Capita l (Per Cent) 
INAUXC - A u x i l i a r y Needed to Compute I n t e r e s t Factor f o r Idle 
Capi ta l (Dimensionless) 
YEAR1 - Current Year Plus One 
INTFAC - I n t e r e s t Factor f o r Current Year (Dimensionless) 
DISFAC - Discount Factor f o r Current Capital (Dimensionless) 
The t o t a l i n i t i a l value of taxes paid i s the sum of the d i s ­
counted value of a l l annual taxes paid through the end of the current 
y e a r . Note that next y e a r ' s taxes must be discounted in advance in 




TIVTAX - Total I n i t i a l Value of Taxes Paid Through End of Current Year 
(Dol lars /Acre) 
DT - Solut ion Time I n t e r v a l (Years) 
DISTAX - Discounted Value of Next Years Taxes (Dol lars /Acre) 
DISFAC - Discount Factor f o r Current Capi ta l (Dimensionless) 
TAXRC - Current Tax Rate (Dol lars /Acre) 
Land management cost i s assumed to be incurred in the beginning 
of the year in which i t app l i e s . Consequently, the discounted value of 
land management cost must be computed on the bas i s of the value of Cur­
rent Year (YEAR) r a t h e r than on Current Year Plus One (YEAR1) as was 
the expense f o r t a x e s . This can be accomplished by delaying f o r one 
year the discount f a c t o r (DISFAC) already computed. The equations 
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DFDELR - Discount Factor Delay Rate (Dimensionless) 
DISFAC - Discount Factor f o r Current Capital (Dimensionless) 
DFDELA - Discount Factor Delay Aux i l i ary (Dimensionless) 
The t o t a l i n i t i a l value of a l l land management costs i s the sum 
of the discounted value (using the delayed discount f a c t o r ) of a l l 
annual land management costs through the end of the current y e a r . Note 
again that next y e a r ' s expense must be discounted in advance in order 
that i t be included in the summation one year hence. 
IL TIVMAN.K=TIVMAN.J+(DT)(DISMAN.JK+0) 
6N TIVMAN=0 
12R DISMAN.KL =(DFDELA.K)(MANGC.K) 
Total I n i t i a l Value of Land Management Costs Paid Through End 
of Current Year (Dol lars /Acre) 
Solution Time I n t e r v a l (Years) 
Discounted Value of Next Years' Land Management Cost (Do l lars / 
Acre) 
Discount Factor Delay Aux i l i ary (Dimensionless) 
Current Land Management Cost (Dol lars /Acre) 
The i n i t i a l value of the t o t a l investment can now be formulated 
as the sum of the i n i t i a l land cos t , the s i t e preparat ion and planting 
c o s t , the sum of the discounted value of taxes paid to date , and the 
sum of the discounted value of land management costs to date . 
9A IVTIV.K=LANDI+SPPC+TIVTAX.K+TIVMAN.K 
C LANDI="A constant value dependent on the 
s i t e index of the land under cons iderat ion ." 
C SPPC="A constant value dependent on whether 
the land under consideration i s in p lantat ion 









- I n i t i a l Value of Total Investment (Dol lars /Acre) 
- I n i t i a l Land Cost (Dol lars /Acre) 
- S i t e Preparation and Planting Cost (Dol lars /Acre) 
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TIVTAX - Total I n i t i a l Value of Taxes Paid Through End of Current Year 
(Dol lars /Acre) 
TIVMAN - Total I n i t i a l Value of Land Management Costs Paid Through End 
of Current Year (Dol lars /Acre) 
Computation of p r o f i t per year and r a t e of re turn requires d i v i ­
sion by the current value of YEAR. Preclusion of d iv i s ion by zero when 




YRAUX1 - Computational Aux i l i ary (Dimensionless) 
YEAR - Current Year 
YRAUX2 - Computational Aux i l i ary (Dimensionless) 
YRFAC - Year Factor - One Dividend by the Current Value of Years 
UNITY - Constant of One (Dimensionless) 
The value of t o t a l p r o f i t can now be formulated as the d i f ference 
between the current value of assets and the i n i t i a l value of t o t a l i n ­
vestment. P r o f i t per year i s found by dividing t o t a l p r o f i t s by the 
current value of Years. 
7A PROF.K=ASSVC.K-IVTIV.K 
12A PROFYR.K=(YRFAC.K)(PROF.K) 
PROF - Total P r o f i t at End of Current Year (Dol lars /Acre) 
ASSVC - Current Value of Assets (Dol lars /Acre) 
IVTIV - I n i t i a l Value of Total Investment (Dol lars /Acre) 
PROFYR- P r o f i t per Year (Dol lars /Acre) 
YRFAC - Year Factor - One Divided by the Current Value of Years. 
In order to determine r a t e of r e t u r n , DYNAMO must evaluate an 
expression of the fol lowing form. 
ASSVC=IVTIV(1+ROR)N 
* 
A c l i p function i s in terpre ted in the fol lowing manner: 
0 i f YEAR.K>1 
YRAUX1.K = 
1 i f YEAR.K<1 
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ASSVC - Current Value of Assets 
IVTIV - I n i t i a l Value of Total Investment 
ROR - Rate of Return on I n i t i a l Investment 
N - Current Value of YEAR 
DYNAMO must execute t h i s computation using logarithms. The mathematical 
sequence of operations i s as fo l lows: 




± ln(ASSVC/IVTIV)=ln(l+ROR) N 
jln(ASSVC/IVTIV)=R0RAUX 
In(1+ROR)=R0RAUX 
















RATEO - Ratio of Current Value of Assets to I n i t i a l Value of Total 
Investment (Dimensionless) 
ASSVC - Current Value of Assets (Dol lars /Acre) 
IVTIV - I n i t i a l Value of Total Investment (Dol lars /Acre) 
RORAUX - Auxi l iary Needed to Compute Rate of Return f o r Current Year 
(Dimensionless) 
YRFAC - Year Factor - One Divided by the Current Value of Years 
RORFAC - Rate of Return Factor f o r Current Year (Per Cent) 
UNITY - Constant of One 
ROR - Rate of Return on I n i t i a l Investment (Per Cent) 
The so lut ion time i n t e r v a l i s chosen as DT = 1 . The program i s 
run f o r LENGTH = 5 0 9 thus computing r a t e of re turn f o r r o t a t i o n ages up 
to 50 y e a r s . The spec i f i ca t ions PRTPER = 1 , and PLTPER = 1 , p r i n t in 
tabular form and p lo t in graphic form the requested quant i t i e s with one 
year spacing i n t e r v a l s . The DYNAMO spec i f i ca t ions used in the program 
are summarized below. 
SPEC DT=1/LENGTH=50/PRTPER-1/PLTPER-1 




RESULTS OF THE FOREST INVESTMENT MODEL 
General 
The f o r e s t investment model was purposely constructed in as 
general a format as poss ib le . As such, the model can be used to t e s t 
any combination of i n i t i a l conditions and f o r e s t management po l i cy . 
For the purpose of t h i s study, however, i t was desired to l i m i t model 
experiments to a representa t ive exhaustive se t of i n i t i a l conditions 
and pol icy decisions that might confront a p a r t i c u l a r pulp-producing 
company. In t h i s manner, a l l a l t e r n a t i v e s can be evaluated and ranked 
according to p r o f i t a b i l i t y cons iderat ions . 
In t h i s study, i t was assumed that a l l fores t land under consider­
at ion could be categorized in one of f i v e s i t e ind ices . Those s i t e 
indices se lected were 3 0 , 4 0 , 5 0 , 6 0 , and 70 (25-year b a s i s ) . 
I t was f u r t h e r assumed that only two f o r e s t management a l t e r n a ­
t i v e s would be compared. One a l t e r n a t i v e , designated p l a n t a t i o n , implies 
the plant ing of seedlings in a regu lar pat tern and a high l e v e l of annual 
f o r e s t management. The other a l t e r n a t i v e , designated na tura l growth, im­
p l i e s random d i spersa l of seed from parent t r e e s and a moderate amount of 
annual f o r e s t management. Annual f o r e s t management i s assumed to consis t 
of weeding, thinning, protect ion from f i r e and d i sease , e t c . I t should 
be noted that in t h i s study the term n a t u r a l growth does not represent a 
complete r e l i a n c e on n a t u r a l phenomena but implies preparat ion of the 
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seedbed and a moderate amount of annual f o r e s t management. 
Parameter Combinations Tested 
In considering the r e l a t i o n s h i p between qua l i ty of land, f o r e s t 
management p o l i c i e s , and parameter values in the model, the following 
assumptions were made. 
( 1 ) Land cost (LANDI) i s to some degree a function of land 
q u a l i t y . 
(2) S i t e preparation and planting cost (SPPC) i s a function 
of the management po l i cy . 
(3) Land management cost (MANGI) i s a function of the manage­
ment po l i cy . 
The impact of other considerations on these costs i s acknowledged. 
However, i t was assumed that s tructured r e l a t i o n s h i p s could be es tab­
l i shed between s i t e index, management p o l i c y , and the numerical values 
of the three cos t s . These r e l a t i o n s h i p s , and the numerical values 
se lected f o r cons iderat ion, are shown in Table 3. 
Table 3. Parameter Combinations Tested in 
the Forest Investment Model 
Run Index 
LANDI SPPEC MANGI 






























































In a l l runs , the i n f l a t i o n constant (INFLC), the i n t e r e s t r a t e 
f o r i d l e c a p i t a l (INTRC), the i n i t i a l stumpage pr ice (STMPI), and the 
i n i t i a l tax r a t e (TAXRI) were held a t the fol lowing constant va lues . 
The value of y i e l d expressed in cords of merchantable wood per 
acre i s dependent upon the species of t r e e , the s i t e index of the land, 
the management p o l i c y , and the age of the stand. I t was assumed in t h i s 
study that a i l stands are of even aged s lash pine . Representative y i e l d 
c o e f f i c i e n t s were obtained from the works of Langdon (28) and Bennett 
( 2 9 ) . The r e l a t i o n s h i p between y i e l d , age and s i t e index i s displayed 
in Figures 2 and 3 f o r n a t u r a l and p lantat ion land, r e s p e c t i v e l y . Tabu­
l a r values of y i e l d coe f f i c i en t s used in the model experiments are shown 
in Table 4. 
The graphical output f o r the ten runs i s shown in Figures 4 
through 1 3 . In a l l f i g u r e s , the time scale goes from 0 to 50 (YEARS). 








(Dol lars /Acre) 
(Dol lars /Acre) 
Results 
Variable Symbol Scale Units 
Rate of Return 
P r o f i t 




- . 0 5 to . 1 5 Per Cent 
0 to 5000 Dol lars /Acre 







Figure 2. Yield from Natural Stands of Slash Pine (Merchantable Wood) 
Source: Langdon, 0 . Gordon, Yield of Unmanaged Slash. Pine Stands 
in South Florida, U.S. Department of Agricul ture-Forest S e r v i c e , 
Southeastern Forest Experiment S t a t i o n , Stat ion Paper No. 1 2 3 , 
June, 1 9 6 1 . 
CO 
10 20 30 
Age (Years) 
40 50 60 
gure 3 . Yield of Slash Pine Plantat ions (Merchantable Wood). Based on 
6 'x6 ' I n i t i a l Spacing. Source: Bennett, Frank A . , Growth and 
Yield of Stash Vine Plantations, U. S. Department of Agr i cu l ture -
Forest Serv i ce , Southeastern Forest Experiment S t a t i o n , Research 
Paper SE-1, January, 1963 . 
Table 4 . Yield Coeff ic ients for Slash Pine Forests (Merchantable Wood) 
SITE INDEX 30 SITE INDEX 40 SITE INDEX 50 SITE INDEX 60 SITE INDEX 70 
Natural Plantation Natural Plantation Natural Plantat ion Natural P lantat ion Natural Plantation 
AGE 
(frs) (Ft3/A.) (Cards/A.) (Cords/A.) (F^/A.) (Cords/A.) (Cords/A.) ( F t 3 / A . ) (Cords/A.) (Cords/A.) (Ft 3 /A.) (Cords/A.) (Cords/A.) ( F t 3 / A . ) (Cords/A.) (Cords/A.) 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 fl n 0 C 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 0 0 0 0 10 . 1 . 7 
7 0 0 0 0 0 0 0 0 0 0 0 0 100 1 . 1 2 . 1 
8 0 0 0 0 0 0 0 0 0 10 . 1 .6 430 4 . 7 4 . 5 
9 0 0 0 0 0 0 0 0 . 5 90 1 . 0 2 . 7 810 8 . 8 7 .2 
10 0 0 0 0 0 0 30 .3 1 . 3 230 2 .5 5 .3 1200 1 3 . 0 1 0 . 8 
1 1 0 0 0 0 0 .4 100 1 . 1 3 . 0 500 5 .4 8 .3 1460 1 5 . 9 1 4 . 5 
12 0 0 .2 60 .7 1 . 3 250 2 . 7 4 . 8 700 7 .6 1 1 . 4 1660 1 8 . 0 1 8 . 5 
13 80 .9 .8 150 1 .6 2 .2 410 4 . 5 6 . 6 870 9 . 5 1 4 . 6 1810 1 9 . 7 23 .3 
I t ltO 1 . 5 l . t 260 2 .8 3 .2 530 5 .8 8 .2 1020 1 1 . 1 1 7 . 3 1960 2 1 . 3 27 .6 
15 190 2 . 1 2 . 1 350 3.8 4 . 2 640 7 .0 9 . 8 1160 1 2 . 6 1 9 . 7 2110 22 .9 3 1 . 3 
16 2t0 2 .6 2.9 420 4.6 5 .5 730 7 .9 1 1 . 4 1270 1 3 . 8 2 2 . 1 2220 2 4 . 1 34 .6 
17 290 3 .2 3 .8 480 5.2 6 . 7 820 8 .9 1 2 . 9 1380 1 5 . 0 24 .3 2320 25 .2 37 .8 
18 3t0 3 . 7 t . 9 550 6.0 7 .8 910 9 .9 1 4 . 4 1480 1 6 . 1 2 6 . 5 2420 2 6 . 3 4 0 . 4 
19 390 t . 2 6.0 620 6 .7 8.9 990 1 0 . 8 1 5 . 8 1580 1 7 . 2 2 8 . 5 2520 2 7 . 4 42 .9 
20 tto t . 8 7.0 690 7 .5 1 0 . 0 1070 1 1 . 6 1 7 . 2 1680 1 8 . 3 3 0 . 3 2620 2 8 . 5 45 .2 
21 t90 5 .3 8.0 750 8.2 1 1 . 1 1140 1 2 . 4 1 8 . 5 1770 1 9 . 2 32 .0 2700 2 9 . 4 47 .2 
22 550 6 .0 9.0 810 8 .8 1 2 . 1 1220 1 3 . 3 1 9 . 7 1860 20 .2 33 .6 2780 30 .2 49 .0 
23 610 6 .6 9.9 880 9.6 1 3 . 1 1300 1 4 . 1 2 0 . 8 1940 2 1 . 1 3 5 . 1 2850 3 1 . 0 5 0 . 7 
2 t 670 7 .3 1 0 . 8 950 1 0 . 3 1 4 . 1 1380 1 5 . 0 2 1 . 9 2O20 22 .0 3 6 . 4 2920 3 1 . 7 52 .3 
25 720 7 . 8 1 1 . 7 1020 1 1 . 1 1 5 . 1 1460 1 5 . 9 22 .9 2090 2 2 . 7 3 7 . 7 2990 3 2 . 5 53 .8 
26 780 8 .5 1 2 . 6 1080 1 1 . 7 1 6 . 1 1530 1 6 . 6 2 3 . 9 2160 2 3 . 5 38 .9 3060 3 3 . 3 5 5 . 1 
27 830 9 .0 1 3 . 5 1150 1 2 . 5 17 .0 1600 1 7 . 4 24 .9 2230 24 .2 40 .0 3120 33 .9 56 .3 
28 880 9 .6 1 4 . 3 1210 1 3 . 2 17 .9 1670 1 8 . 2 2 5 . 9 2300 25 .0 4 1 . 0 3170 3 4 . 5 57 .4 
29 930 1 0 . 1 1 5 . 1 1270 1 3 . 8 1 8 . 8 1740 1 8 . 9 26 .8 2360 2 5 . 7 4 1 . 9 3220 35 .0 58 .4 
30 990 1 0 . 8 1 5 . 9 1320 1 4 . 4 19 .6 1800 1 9 . 6 2 7 . 6 2420 2 6 . 3 4 2 . 7 3260 3 5 . 4 59 .3 
31 1050 1 1 . t 1 6 . 6 1380 1 5 . 0 20.3 1860 20 .2 2 8 . 4 2480 27 .0 4 3 . 4 3310 36 .0 6 0 . 1 
32 1110 1 2 . 1 1 7 . 3 1440 1 5 . 7 21 .0 1920 20 .9 29 .2 2540 27 .6 4 4 . 1 3350 3 6 . 4 6 0 . 8 
33 1160 1 2 . 6 1 7 . 9 1500 1 6 . 3 21 .7 1980 2 1 . 5 30 .0 2590 28 .2 4 4 . 7 3390 36 .9 6 1 . 4 
3t 1210 1 3 . 2 1 8 . 5 1560 1 7 . 0 22.4 2030 2 2 . 1 3 0 . 7 2640 2 8 . 7 4 5 . 3 3430 3 7 . 3 62 .0 
35 1250 1 3 . 6 1 9 . 1 1610 1 7 . 5 23.0 2080 2 2 . 6 3 1 . 4 2690 29 .2 4 5 . 8 3470 3 7 . 7 6 2 . 6 
36 1290 l t .O 1 9 . 7 1660 1 8 . 0 23.6 2130 2 3 . 2 32 .0 2740 29 .8 4 6 . 3 3510 38 .2 6 3 . 1 
37 1340 I t . 6 20 .2 1710 1 8 . 6 24.2 2180 2 3 . 7 32 .6 2790 3 0 . 3 4 6 . 8 3550 38 .6 6 3 . 5 
38 1390 1 5 . 1 20 .7 1760 1 9 . 1 24.8 2230 24 .2 3 3 . 1 2830 3 0 . 8 47 .2 3580 38 .9 63 .9 
39 l ttO 1 5 . 7 2 1 . 2 1810 1 9 . 7 25.3 2280 24 .e 3 3 . 5 2870 3 1 . 2 4 7 . 5 3610 39 .2 64 .2 
to l t 9 0 1 6 . 2 21 .6 1860 20 .2 25.7 2320 2 5 . 2 33 .9 2910 3 1 . 6 4 7 . 8 3640 39 .6 6 4 . 5 
t l 1530 1 6 . 6 22.0 1910 20 .8 26 .1 2360 2 5 . 7 34 .3 2950 3 2 . 1 4 8 . 1 3670 39 .9 6 4 . 8 
t2 1570 1 7 . 1 22 .4 1950 2 1 . 2 26.5 2400 2 6 . 1 3 4 . 7 2990 32 .5 4 8 . 4 3700 40 .2 65 .0 
t3 1610 1 7 . 5 22.8 1990 2 1 . 6 26.9 2450 2 6 . 6 3 5 . 1 3030 32 .9 48 .6 3730 4 0 . 5 65 .2 
t t 1660 1 8 . 0 23 .2 2040 22 .2 27.3 2490 2 7 . 1 3 5 . 5 3060 3 3 . 3 4 8 . 8 3750 40 .8 6 5 . 4 
t5 1700 1 8 . 5 23 .6 2080 2 2 . 6 27.6 2530 2 7 . 5 3 5 . 8 3090 3 3 . 6 49 .0 3770 4 1 . 0 6 5 . 6 
t6 17t0 1 8 . 9 23.9 2120 23 .0 27.9 2570 27 .9 3 6 . 1 3120 33 .9 4 9 . 2 3800 4 1 . 3 6 5 . 8 
t7 1780 1 9 . t 24 .2 2160 2 3 . 5 28.2 2610 28 .4 3 6 . 4 3150 34 .2 4 9 . 4 3820 4 1 . 5 66 .0 
t 8 1820 1 9 . 8 24.5 2200 23 .9 28.5 2650 2 8 . 8 3 6 . 7 3180 3 4 . 6 4 9 . 6 3840 4 1 . 7 6 6 . 2 
t9 1860 20 .2 24 .8 2240 2 4 . 4 28.8 2680 2 9 . 1 36 .9 3210 34 .9 4 9 . 8 3860 42 .0 6 6 . 3 
50 1900 2 0 . 7 25.0 2270 2 4 . 7 29.0 2710 29 .5 3 7 . 1 3240 35 .2 49 .9 3880 4 2 . 2 6 6 . 4 
Conversion Factor: 1 Cord = 92 Cubic Feet of Wood and Bark. 
Sources: Langdon, 0 . Gordon, Yield of Vnmanaged Stash Pine Stands in South Florida, U. S. Department of Agr icu l ture Forest Servii 
Southeastern Forest Experiment S t a t i o n , Stat ion Paper No. 1 2 3 , June , 1 9 6 1 . 
Bennett, Frank A . , Growth and Yield of Slash Pine Plantations, U. S. Department of Agr icu l ture—Forest S e r v i c e , Southeastern 
Forest Experiment S t a t i o n , Research Paper SE-1, January, 1 9 6 3 . 
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Figure 4. Results of the Forest Investment Model for SI 30 Natural Growth Land 
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Figure 5 . Results of the Forest Investment Model f o r SI 30 Plantat ion Land CO 
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Figure 6. Results of the Forest Investment Model for SI 40 Natural Growth Land 
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Figure 7. Results of the Forest Investment Model f o r SI 40 Plantat ion Land oo 






























































Figure 8. Results of the Forest Investment Model for SI 50 Natural Growth Land <-° 
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Figure 9. Results of the Forest Investment Model f o r SI 50 Plantat ion Land 


































Figure 1 0 . Results of the Forest Investment Model f o r SI 60 Natural Growth Land 






























Figure 1 1 . Results of the Forest Investment Model for SI 60 Plantat ion Land 
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;ure 1 2 . Results of the Forest Investment Model f o r SI 70 Natural Growth Land 













































Figure 1 3 . Results of the Forest Investment Model for SI 70 Plantat ion Land -p 
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In terpre ta t ion of the graphs i s as fo l lows: Consider Figure 4 
f o r S i t e Index 30 Natural Growth Land. Each point on the r a t e of re turn 
curve represents the r a t e of re turn on investment i f an acre of land of 
s i t e index 30 in na tura l growth s tatus were cut in a p a r t i c u l a r year 
(age of s tand) . Thus i t can be seen that the stand must be 15 years old 
or grea ter in order to r e a l i z e a r a t e of re turn grea ter than zero. A l ­
so , the r a t e of re turn increases to a value of .04470 per cent at a stand 
age of 50 (exact values of var iab le s are obtained from a t a b u l a r output) . 
P r o f i t and p r o f i t per year a l so increase with increasing stand age. 
Comparison of the r a t e of r e t u r n curves f o r the ten runs y i e l d s 
some s i g n i f i c a n t r e s u l t s . I t i s noted that the curves f o r na tura l and 
p lantat ion land of the same s i t e index are approximately p a r a l l e l over 
the range of stand ages considered. For a l l s i t e i n d i c e s , the numerical 
values on the curve representing p lantat ion land are s l i g h t l y l a r g e r 
than the corresponding values f o r n a t u r a l growth land. I t i s a l so noted 
that the numerical values of r a t e of re turn increase with increasing 
s i t e index. 
The shape of the r a t e of re turn curves d i f f e r s s i g n i f i c a n t l y by 
s i t e index. In s i t e index 30 the r a t e of r e turn increases with 
increasing stand age over the range of stand ages considered. As the 
s i t e index i n c r e a s e s , however, the r a t e of re turn curve shows a d e f i n i t e 
peaking c h a r a c t e r i s t i c p r i o r to a stand age of 50. The age a t which the 
maximum r a t e of re turn occurs decreases with increasing s i t e index. In 
s i t e index 7 0 , peaking occurs p r i o r to stand age 18 f o r both n a t u r a l 
growth and p lantat ion land. A summary of the ten runs showing the maxi­
mum values of r a t e of r e turn and the stand age a t which they occur i s 
46 
shown in Table 5. I t should be c l e a r that from p r o f i t a b i l i t y considera­
t ions , the maximum point on the r a t e of re turn curve represents the 
optimal ro ta t ion age f o r the s i t e index and management pol icy under con­
s i d e r a t i o n . 
A sample tabular output of the f o r e s t investment model f o r s i t e 
index 30 natura l growth land i s shown in Appendix B. 
Table 5 . Optimal Rotation Ages 
S i t e Maximum Optimal 
Run Index Pol icy Rate of Return Rotation Age 
1 30 Natural .04470 50 
2 30 Plantat ion .04480 42-
3 40 Natural .04732 44 
4 40 Plantat ion .04809 38 
5 50 Natural .05162 32 
6 50 Plantat ion ,05557 28 
7 60 Natural .06023 22 
CO 60 Plantat ion .07259 20 
9 70 Natural .08159 13 
10 70 Plantat ion .09073 17 
Same r a t e of re turn f o r four consecutive 
y e a r s . 
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CHAPTER IV 
THE FOREST MANAGEMENT MODEL 
The f o r e s t management model i s formulated as a determinis t i c d i f ­
ference equation model. I t was o r i g i n a l l y intended to construct the 
model in the DYNAMO computer language in order to represent the dynamic, 
time-dependent r e l a t i o n s h i p s that e x i s t in describing the long-term 
behavior of the f o r e s t . However, the scope of the model f a r exceeded 
the c a p a b i l i t y of the Burroughs B5500 DYNAMO t r a n s l a t o r . The dynamic 
nature of the model was r e t a i n e d , however, by formulating the model in 
the general purpose ALGOL computer language. In f a c t , i t was soon d i s ­
covered tha t the increased f l e x i b i l i t y gained by using a general purpose 
language was of extreme importance in success fu l ly formulating the many 
d i f f e r e n t constructs present in the model. 
General Description 
The f o r e s t management model i s designed to represent a h e t e r o ­
geneous f o r e s t resource as might be contro l l ed by a t y p i c a l pulp-
producing company. The model i s intended to simulate the long-term 
behavior of such a l imited resource under conditions of a continuing 
demand f o r pulp. 
The f o r e s t i s conceived as a dynamic, input-output system. I t 
rece ives inputs in the form of f o r e s t management treatments , grows 
according to r e l a t i v e l y s tab le s i l v i c u l t u r a l parameters , and produces an 
output in the form of cords of wood harvested . The f o r e s t i s a 
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renewable resource in that a f t e r harvest ing i t may be used to produce 
fur ther y i e l d at some time in the f u t u r e . 
C r i t i c a l to the long-term behavior of the f o r e s t resource are the 
management p o l i c i e s represent ing harvest ing decisions and r e f o r e s t a t i o n 
treatments . The model possesses the dual objec t ive of meeting a con­
t inuing demand f o r pulp while s t i l l achieving the maximum o v e r a l l re turn 
on invested c a p i t a l . 
In represent ing a l a r g e - s c a l e heterogeneous f o r e s t re source , some 
degree of s impl i f i ca t ion and abstract ion i s required . The model con­
s iders only a constant f ixed amount of land. A l l land i s subdivided into 
blocks according to s i t e index, f o r e s t management treatment , and age of 
s tand. In order to remain compatible with the f o r e s t investment model, 
the same f i v e s i t e i n d i c e s , namely 3 0 , 4 0 , 50 , 60 and 70 are used. Fur­
t h e r , the same two f o r e s t management treatments , n a t u r a l growth and 
p l a n t a t i o n , are considered. Stand ages from zero to 41 years are allowed 
in the model, I t should be noted that stand age 41 represents a l l acres 
41 years old or g r e a t e r . This s impl i f i ca t ion i s considered v a l i d since 
y i e l d f o r stand ages g r e a t e r than 40 i s r e l a t i v e l y constant. 
The model i s driven by an annual demand f o r pulp. Annual h a r ­
vest ing i s continued u n t i l t h i s demand i s s a t i s f i e d or u n t i l the supply 
of merchantable wood i s exhausted. In order to maximize the r a t e - o f -
re turn on investment, the harvest ing operation i s sequenced based on the 
r a t e - o f - r e t u r n f o r d i f f e r e n t blocks of land. The cutt ing sequence i s a 
predetermined input to the model and i s generated by a r e g r e t function 
based on incremental changes in r a t e - o f - r e t u r n . The sequence i s designed 
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to minimize the r a t e - o f - r e t u r n loss in harvest ing many blocks of land 
over an extended period of t ime. 
Forest management p o l i c i e s are formulated as an attempt by the 
f o r e s t manager to insure a continuing supply of pulp with the minimal 
out lay of c a p i t a l f o r f o r e s t management. In t h i s r e s p e c t , the l e v e l of 
f o r e s t resources a v a i l a b l e (cords on the stump) i s compared with a pro­
jected demand f o r pulp. The amount of investment in f o r e s t management 
i s then based on the d i f ference between projected demand and projected 
supply. The general concept of the model i s shown in Figure 1 4 . 
In method of formulat ion, the model r e t a i n s much of the nature 
and concept of the DYNAMO computer language. I t i s f e l t that t h i s con­
cept , which r e l a t e s the flow of acres of land through d i f f e r e n t l e v e l s — 
or blocks—to the information flows which guide decisions made in the 
model, adequately describes the system and provides an i n t u i t i v e ins ight 
in to the dynamic behavior of the f o r e s t . 
Timekeeping in the model i s performed in a manner that c lo se ly 
approximates DYNAMO. Def ini t ion of timekeeping subscripts i s as f o l ­
lows : 
Subscript Definit ion 
J Value at the previous point in time 
K Value a t the present point in time 
L Value at the next point in time 
JK Value during the i n t e r v a l from J to K 
KL Value during the i n t e r v a l from K to L 
The time i n t e r v a l used in the model i s one y e a r . The model i s run f o r 
a period of 100 y e a r s . I t should be noted tha t values during an i n t e r ­
v a l of time are referenced to the beginning of the i n t e r v a l . For 
example, the KL subscript for a value f o r the i n t e r v a l from time 5 to 

























Figure 14. Concept of the Forest Management Model 
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The model i s concerned with both acres and cords of wood. A l l 
acres of land considered in the model are categorized in to blocks . Acres 
"flow" from block to block according to cutt ing r a t e s , planting r a t e s 
and growth r a t e s . Acres are converted to cord equivalents through the 
same set of y i e l d coe f f i c i en t s used in the f o r e s t investment model. 
Cord equivalents are used in es tabl i sh ing cutt ing r a t e s required to sup­
port the demand f o r pulp. An abbreviated flow diagram showing the flow 
of acres through the system i s shown in Figure 1 5 . Symbols used in t h i s 
f igure are as fo l lows: 
ACLXP[K] - Acres of Cleared Land of S i t e Index XO to be Planted in 
Plantat ion Status at Some Time in the Future (Acres) 
PRXO[KL] - Planting Rate f o r S i t e Index XO Plantat ion Land (Acres/Year) 
AXP[K,Z] - Acres of S i t e Index XO Plantat ion Land Z Years Old (Acres) 
AXN[K,Z] - Acres of S i t e Index XO Natural Growth Land Z Years Old 
(Acres) 
GXP[KL,Z] - Growth Rate f o r S i t e Index XO Plantat ion Land Z Years Old 
(Acres/Year) 
GXM[KL,Z] - Growth Rate f o r S i t e Index XO Natural Growth Land Z Years 
Old (Acres/Year) 
CXP[KL,Z] - Clear Cutting Rate f o r S i t e Index XO Plantat ion Land Z 
Years Old (Acres/Year) 
SXP[KL,Z] - S e l e c t i v e Cutting Rate f o r S i t e Index XO Plantat ion Land Z 
Year Old (Acres/Year) 
CXN[KL,Z] - Clear Cutting Rate f o r S i t e Index XO Natural Growth Land Z 
Years Old (Acres/Year) 
SXN[KL,Z] - S e l e c t i v e Cutting Rate f o r S i t e Index XO Natural Growth Land 
Z Years Old (Acres/Year) 
Since the time i n t e r v a l in the simulation i s one year i t i s e v i ­
dent that each year every block of land i s evaluated and each acre i s 
e i t h e r c l e a r cut , s e l e c t i v e cu t , or allowed to grow f o r another y e a r . 
Forest management po l icy provides the s e l ec t i on between c l e a r cutt ing 










Figure 1 5 . Abbreviated Flow Diagram of the Forest Management Model 
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I t should be noted that Figure 15 shows the abbreviated flow 
diagram f o r only one s i t e index. The model consists of f i v e s i m i l a r 
segments each representing one s i t e index. System dynamics between the 
f i v e s i t e indices i s provided through the cutt ing sequence. Since the 
sequence i s based on r a t e - o f - r e t u r n cons iderat ions , harvest ing of con­
secut ive blocks in the sequence may skip from one s i t e index to another 
and from plantat ion to natura l growth land. The l e v e l of demand and the 
a v a i l a b i l i t y of resources in the various blocks determines how many and 
which blocks are to be harvested in any given y e a r . 
Output of the f o r e s t management model i s a set of values f o r each 
of the 100 time periods in the s imulation. Analysis of trends of s ig ­
n i f i c a n t v a r i a b l e s over the 100-year time period i s used in evaluat ing 
the a l t e r n a t i v e po l icy being t e s t ed . 
Development of Cutting Sequence 
The cutt ing sequence used in the f o r e s t management model i s a 
d i r e c t development of the r e s u l t s obtained from the f o r e s t investment 
model. The sequence was developed as fo l lows: 
Rate -o f -re turn values f o r the ten f o r e s t management treatments 
( f i v e s i t e indices and two management p o l i c i e s ) were tabulated f o r har ­
vest ing at stand ages of zero through 41 y e a r s . (Note that stand age 
41 represents stands 41 years old or g r e a t e r . ) Incremental changes in 
r a t e - o f - r e t u r n were then determined by comparing the r a t e - o f - r e t u r n f o r 
harvest ing a given treatment at stand age n with the r a t e - o f - r e t u r n f o r 
harvest ing the same treatment at stand age n + 1 . The incremental 
changes in r a t e - o f - r e t u r n f o r the 410 blocks of land in the model were 
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then sequenced in such a way as to minimize the r a t e - o f - r e t u r n loss 
associated with allowing a block of land to grow f o r an addi t ional y e a r . 
The r e s u l t i n g cutt ing sequence consis ts of three phases as fo l lows: 
Phase I 
Phase I includes blocks f o r which the value of r a t e - o f - r e t u r n 
(ROR) i s p o s i t i v e and the incremental change in r a t e - o f - r e t u r n (ICROR) 
i s negat ive . Such blocks represent segments of the r a t e - o f - r e t u r n curves 
in Figures 4 through 13 which have a negative s lope . In a s i l v i c u l t u r a l 
context , they represent blocks which have already passed the years of 
maximum incremental annual growth. The 124 blocks in phase I are 
sequenced in the order of decreasing ICROR l o s s . Thus the block with 
the maximum negative ICROR i s scheduled to be cut f i r s t and the block 
with the minimum negative ICROR i s scheduled to be cut l a s t . This r e p ­
resents a management pol icy of always cutt ing f i r s t the block which w i l l 
show the maximum ROR loss i f l e t grow another y e a r . 
Phase II 
Phase II includes blocks for which the value of ROR i s p o s i t i v e 
and the value of ICROR i s p o s i t i v e . These blocks represent segments of 
the r a t e - o f - r e t u r n curves in Figures 4 through 13 which have a p o s i t i v e 
slope and a p o s i t i v e ROR. S i l v i c u l t u r a l l y , these blocks have not ye t 
passed the years of maximum incremental annual growth. The 177 blocks 
in phase II are sequenced in the order of increasing ICROR gain. Thus 
the block with the minimum p o s i t i v e ICROR i s scheduled to be cut f i r s t 
and the block with the maximum p o s i t i v e ICROR i s scheduled to be cut 
l a s t . This represents a management pol icy of cutt ing l a s t the block 
which w i l l show the maximum ROR gain i f l e t grow another y e a r . 
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Phase III 
Phase I II includes a l l blocks for which the value of ROR i s neg­
a t i v e . These blocks represent young stands which have not yet developed 
s u f f i c i e n t p o t e n t i a l y i e l d to make harvest ing p r o f i t a b l e . Since h a r ­
vest ing of any of the 109 blocks in phase I I I represents a l o s s , none of 
these blocks i s included in the cutt ing sequence. 
The complete cutt ing sequence in the f o r e s t management model con­
s i s t s of 301 blocks of land. This sequence, including block descr ipt ion 
and incremental change in r a t e of re turn i s shown in Table 6 . In a l l 
cases where t i e s arose in ICROR, the block with the maximum y i e l d i s 
scheduled f o r cutt ing f i r s t . The data used in developing the cutt ing 
sequence i s shown in Appendix C. 
Model Formulation 
Formulation of the f o r e s t management model i s to be discussed in 
terms of the ALGOL computer program developed f o r model implementation. 
Discussion w i l l fol low the computer flow diagram shown in Figure 1 6 . 
This diagram shows only the main program segments and the associated 
computation sequence. Expansion of the program log ic w i l l be provided 
f o r each program segment. Since the model cons is ts of over 1000 equa­
t i o n s , each equation w i l l not be discussed in d e t a i l . A complete l i s t ­
ing of the f o r e s t management model i s shown in Appendix D. 
Bookkeeping and Declarations 
The i n i t i a l program segment consis ts of the systems equations and 
dec larat ions necessary to implement the model on the Burroughs B5500 
computer and a l i s t i n g of de f in i t i ons of v a r i a b l e s used in the model. 
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Table 6. Cutting Sequence 
Incremental Yield 
Block Description Change in ROR (Shown Only f o r 
Sequence SI P or N Age ROR Loss Ties in ICROR) 
1 70 P 21 .00130 
2 70 P 25 .00129 53 .8 
3 70 P 22 .00129 49 .0 
4 70 P 23 .00128 
5 70 P 26 .00127 
6 70 P 24 .00125 52 .3 




70 P 27 .00124 
9 70 P 28 .00120 57 .4 
10 70 P 20 .00120 45 .2 
1 1 70 N 21 .00120 29 .4 
12 70 P 29 . 00117 58.9 
13 70 N 20 . 00117 • 2 8 . 5 
14 70 P 30 . 00115 59 .3 
15 70 N 15 . 0 0 1 1 5 22.9 
16 70 N 17 . 00114 
17 70 N 23 " .00112 
18 70 P 31 . 0 0 1 1 1 
19 • 70 P 32 .00109 6 0 . 8 
20 70 N 22 .00109 30.2 
21 70 N 18 .00106 
22 70 P 33 .00103 
23 70 N 26 .00098 33 .3 
24 70 N 19 .00098 27 .4 
25 70 P 34 .00095 62 .0 
26 70 P 19 .00095 42 .9 
27 70 P 35 .00094 62 .6 
28 70 N 29 .00094 35.0 
29 70 P 36 .00093 6 3 . 1 
30 70 N 24 .00093 3 1 . 7 
31 70 N 28 .00092 
32 70 N 27 .00091 
33 70 P 37 .00087 
34 70 P 38 .00086 
35 70 N 25 .00085 
36 70 P 39 .00082 6 4 . 2 
37 70 N 31 .00082 36.0 
38 60 P 30 .00079 
39 70 P 40 .00077 64 .5 
40 60 P 29 .00077 4 1 . 9 
41 70 P 41 .00076 
42 60 P 28 .00075 
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Table 6 . Cutting Sequence (Continued) 
Incremental Yield 
Block Description Change in ROR (Shown Only f o r 
Sequence SI P or N Age ROR Loss Ties in ICROR) 
43 60 P 32 .00074 4 4 . 1 
44 60 P 31 .00074 43 .4 
45 70 P 18 .00072 40 .4 
46 60 P 27 .00072 40 .0 
47 70 N 33 .00072 36.9 
48 70 N 30 .00072 35 .4 
49 60 P 34 .00071 4 5 . 3 
50 60 P 33 .00071 44 .7 
51 60 P 26 .00069 38.9 
52 70 N 32 .00069 36 .4 
53 70 N 34 .00068 
54 60 P 35 .00067 
55 60 P 38 .00066 
56 60 P 37 .00064 4 6 . 8 
57 60 P 36 .00064 4 6 . 3 
58 60 P 25 .00064 37 .7 
59 60 P 39 .00062 47 .5 
60 70 N 37 .00062 38 .6 
61 70 N 36 .00060 38 .2 
62 60 P 23 .00060 3 5 . 1 
63 60 P 40 .00059 47 .8 
64 70 N 38 .00059 38.9 
65 60 P 24 .00059 36 .4 
66 70 N 35 .00057 
67 60 P 41 .00055 
68 70 N 40 .00053 39 .6 
69 70 P 17 .00053 37 .8 
70 70 N 39 .00050 
71 70 N 41 .00049 
72 60 P 22 .00041 
73 60 N 33 .00040 
74 60 N 29 .00039 
75 60 N 34 .00038 
76 60 N 38 .00037 
77 60 N 24 .00036 
78 50 P 38 .00035 3 3 . 1 
79 60 N 39 .00035 3 1 . 2 
80 60 N 31 .00035 27 .0 
81 60 N 36 .00034 
82 50 P 39 .00033 33.5 
83 60 N 32 .00033 27 .6 
84 60 N 26 .00033 * 23 .5 
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Table 6 . Cutting Sequence (Continued) 
Incremental Yield 
Block Description Change in ROR (Shown Only f o r 
Sequence SI P or N Age ROR Loss Ties in ICROR) 
85 60 N 41 .00032 3 2 . 1 
86 60 N 37 .00032 30 .3 
87 50 P 40 .00031 33.9 
88 60 N 28 .00031 25.0 
89 50 P 41 .00030 34 .3 
90 50 P 37 .00030 32.6 
91 60 P 21 .00028 
92 60 N 40 .00027 3 1 . 6 
93 60 N 35 .00027 29 .2 
94 60 N 30 .00027 26 .3 
95 50 P 35 .00026 3 1 . 4 
96 70 N 14 .00026 2 1 . 3 
97 50 P 36 .00024 
98 60 N 25 .00021 
99 50 N 39 .00020 24 .8 
100 60 N 27 .00020 24.2 
101 50 P 33 .00020 30.0 
102 50 P 34 .00019 
10 3 50 N 41 .00018 
104 50 P 32 .00013 29 .2 
105 40 P 39 .00013 25 .3 
106 50 N 36 .00013 1 8 . 0 
107 50 N 34 .00013 1 7 . 0 
108 50 P 31 .00012 28 .4 
109 50 P 30 .00012 27 .6 
110 50 P 29 .00012 26 .8 
1 1 1 40 P 40 .00012 25 .7 
112 50 N 37 .00012 23 .7 
113 70 N 13 .00012 1 9 . 7 
114 60 P 20 . 0 0 0 1 1 30 .3 
115 40 P 41 . 0 0 0 1 1 2 6 . 1 
116 50 N 40 . 0 0 0 1 1 25 .2 
117 60 N 23 .00007 
118 40 P 38 .00005 25.0 
119 60 N 22 .00005 20 .2 
120 40 N 41 .00004 
121 50 N 38 .00003 24 .2 
122 50 N 35 .00003 22 .6 
123 50 N 33 .00003 2 1 . 5 
124 50 N 32 .00002 
Table 6. Cutting Sequence (Continued) 
Incremental Yield 
Block Description Change in ROR (Shown Only f o r 
Sequence SI P or N Age ROR Gain Ties in ICROR) 
125 30 P 40 .00000 2 1 . 6 
126 50 N 30 .00000 1 9 . 6 
127 50 P 28 .00001 25 .9 
128 30 P 41 .00001 23.9 
129 30 P 39 .00001 2 1 . 2 
130 60 N 20 .00003 
131 40 P 37 .00004 
132 40 P 36 .00005 23 .6 
133 40 P 35 .00005 23 .0 
134 40 P 34 .00006 22 .4 
135 40 N 39 .00006 1 9 . 7 
136 40 N 37 .00009 
137 30 P 38 .00010 20 .7 
138 50 N 31 .00010 20 .2 
139 60 P 19 . 0 0 0 1 1 
140 30 P 37 .00012 20 .2 
141 40 N 35 .00012 1 7 . 5 
142 50 P 27 .00013 24 .9 
143 30 P 36 .00013 1 9 . 7 
144 40 N 34 .00013 1 7 . 0 
145 30 N 40 .00013 1 6 . 2 
146 50 N 29 .00014 
147 40 N 40 .00015 20.2 
148 60 N 21 .00015 1 9 . 2 
149 50 P 26 .00016 23 .9 
150 50 N 28 .00016 1 8 . 2 
151 40 N 38 .00018 
152 40 P 33 .00019 
153 50 P 25 .00020 22 .9 
154 40 P 32 .00020 2 1 . 0 
155 40 N 36 .00021 
156 30 N 41 .00023 1 8 . 5 
157 40 P 31 .00023 1 5 . 0 
158 30 N 35 .00023 1 3 . 6 
159 50 P 24 .00025 2 1 . 9 
160 30 P 35 .00025 1 9 . 1 
161 40 P 30 .00026 1 9 . 6 
16 2 30 N 39 .00026 1 5 . 7 
16 3 30 N 34 .00026 1 3 . 2 
164 30 P 34 .00028 
165 50 N 25 .00029 
166 30 P 33 .00031 
Table 6 . Cutting Sequence (Continued) 
Incremental Yield 
Block Description Change in ROR (Shown Only f o r 
Sequence SI P or N Age ROR Gain Ties in ICROR) 
167 40 N 32 .00032 1 5 . 7 
168 30 N 37 .00032 1 4 . 6 
169 30 P 32 .00034 
170 50 N 27 .00035 
171 50 N 26 .00040 1 6 . 6 
172 30 N 38 .00040 1 5 . 1 
173 40 N 30 .00040 1 4 . 4 
174 40 N 33 .00041 
175 70 N 12 .00042 
176 40 P 29 .00043 
177 40 N 29 .00045 
178 50 P 23 .00046 
179 70 P 16 .00048 34.6 
180 30 N 36 .00048 1 4 . 0 
181 30 N 32 .00048 1 2 . 1 
182 60 N 19 .00049 
183 40 N 31 .00050 1 5 . 0 
184 40 N 28 .00050 1 3 . 2 
185 30 P 31 .00051 
186 50 P 22 .00056 
187 60 P 18 .00057 
188 30 P 30 .00058 
189 30 N 33 .00060 
190 40 P 28 .00063 1 7 . 9 
191 60 N 18 .00063 1 6 . 1 
192 40 P 27 .00072 1 7 . 0 
193 50 N 24 .00072 1 5 . 0 
194 50 N 22 .00075 1 3 . 3 
195 40 N 27 .00075 1 2 . 5 
196 40 N 25 .00075 1 1 . 1 
197 30 N 28 .00078 
198 30 P 29 .00080 1 5 . 1 
199 60 N 17 .00080 1 5 . 0 
200 40 P 26 .00081 1 6 . 1 
201 30 N 30 .00081 1 0 . 8 
202 50 N 23 .00083 
203 50 P 21 .00086 
204 30 P 28 .00090 
205 30 N 31 .00091 
206 30 N 26 .00098 
207 30 P 27 . 0 0 1 0 1 
208 50 N 20 .00104 
209 40 N 26 .00106 
Table 6. Cutting Sequence (Continued) 
Incremental Yield 
Block Description Change in ROR (Shown Only f o r 
Sequence SI P or N Age ROR Gain Ties in ICROR) 
210 70 P 15 .00107 
211 40 P 25 . 0 0 1 1 1 1 5 . 1 
212 50 N 21 . 0 0 1 1 1 1 2 . 4 
213 30 N 29 . 0 0 1 1 1 1 0 . 1 
214 30 N 27 .00112 
215 60 P 17 .00120 
216 50 N 19 . 0 0 1 2 1 
217 50 P 20 .00124 
218 40 N 23 .00125 
219 30 N 24 .00126 
220 40 P 24 .00127 
221 60 N 16 .00130 
222 40 N 24 .00133 
223 30 P 26 .00134 
224 40 N 21 .00135 
225 40 P 23 .00147 
226 30 P 25 .00153 
227 60 P 16 .00159 
228 60 N 15 .00164 
229 30 N 25 .00166 
230 40 P 22 .00168 
231 50 P 19 . 0 0 1 7 1 
232 40 N 22 .00172 
233 30 P 24 .00174 
234 40 N 20 .00189 
235 50 N 17 .00193 
236 40 P 21 .00196 
237 30 P 23 .00199 
238 30 N 22 .00201 
239 50 P 18 .00208 1 4 . 4 
240 30 N 23 .00208 6.6 
241 30 N 20 .00221 
242 50 N 18 .00225 
243 30 P 22 .00228 
244 70 N 1 1 .00232 
245 70 P 14 .00251 
246 40 N 19 .00256 
247 40 P 20 .00257 1 0 . 0 
248 40 N 18 .00257 6 .0 
249 60 P 15 .00263 
250 30 N 21 .00270 
Table 6. Cutting Sequence (Continued) 
Incremental Yield 
Block Description Change in ROR (Shown Only f o r 
Sequence SI P or N Age ROR Gain Ties in ICROR) 
251 50 P 17 .00281 
252 50 N 16 .00293 
253 30 N 18 .00294 
254 30 P 21 .00298 
255 30 N 19 .00302 
256 40 P 19 .00303 
257 40 N 16 .00306 
258 50 N 15 .00308 
259 60 N 14 .00318 
260 30 N 17 .00338 
261 50 P 16 .00346 
262 60 P 14 .00348 
263 30 P 20 .00348 
264 40 N 17 .00348 
265 40 P 18 .00359 
266 30 P 19 .00409 
267 40 P 17 .00429 
268 60 N 13 .00450 
269 30 N 16 .00461 
270 50 P 15 .00465 
271 30 N 15 .00468 
272 40 N 15 .00479 
273 70 P 13 .00516 
274 50 N 14 .00529 
275 30 P 18 .00535 
276 40 P 16 .00563 
277 60 P 13 .00567 
278 50 P 14 .00583 
279 30 P 17 .00645 
280 30 P 16 .00654 
281 70 N 10 .00713 
282 40 N 14 .00716 
283 50 N 13 .00722 
284 40 P 14 .00728 
285 60 N 12 .00737 
286 50 P 13 .00739 
287 40 P 15 .00748 
288 70 P 12 .00902 
289 60 P 12 .00978 
290 70 P 1 1 . 01010 
Table 6 . Cutting Sequence (Continued) 
Incremental Yield 
Block Description Change in ROR (Shown Only f o r 
Sequence SI P or N Age ROR Gain Ties in ICROR) 
291 50 P 12 .01078 
292 60 N 1 1 . 01175 
293 50 N 12 .01295 
294 60 P 1 1 . 0 1 3 1 8 
295 70 P 10 .01326 
296 60 P 10 . 0 1 8 1 1 
297 70 N 9 . 0 1 8 4 1 
298 70 P 9 .01897 
299 70 P 8 .02073 
300 60 N 10 .02217 
301 70 N 8 .02828 
Figure 1 6 . Computer Flow Diagram of the Forest Management Model 
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Procedures 
The model i s heav i ly procedure or iented . Numerous procedures are 
included which g r e a t l y s impli fy the wr i t ing of the actual model equa­
t i o n s . A l so , s e v e r a l procedures are included which were not a c t u a l l y 
used in t h i s study but which might prove he lpfu l in extensive experimen­
t a t i o n with the model. The procedures used in t h i s study are described 
as fo l l ows . 
Real Procedure MAX. The MAX procedure provides an easy method of 
determining the maximum of two v a l u e s . When ca l l ed in the fol lowing 
manner: 
MAX(A,B) 
the procedure w i l l y i e l d the numerically g r e a t e r value of A or B. 
Real Procedure MIN. The MIN procedure operates in the same man­
ner as the MAX procedure, however, w i l l y i e l d the numerically smaller of 
the two input va lues . 
Real Procedure CLIP. The CLIP procedure operates much the same 
as the CLIP function in DYNAMO. The CLIP procedure i s ca l l ed as fol lows: 
CLIP(H,L,N,C) 
and w i l l y i e l d the fol lowing r e s u l t : 
H i f N>C 
CLIP = 
L i f N<C 
Real Procedure RAMP. The RAMP procedure allows a v a r i a b l e t o be 
increased by a constant amount each time period without the wr i t ing of 
a formal equation. Called in the fol lowing manner 
RAMP(P,Q,V) 
the procedure w i l l y i e l d the fol lowing r e s u l t : 
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P + V i f TIMEX > Q 
RAMP = 
V i f TIMEX < Q 
TIMEX - Timekeeping Function 
Procedure READARRAY. The READARRAY procedure g r e a t l y s impl i f i e s 
the reading of data values in to a one-dimensional a r r a y . Each time i t 
i s c a l l e d , READARRAY w i l l read 41 values into the array spec i f ied in the 
procedure c a l l . The procedure reads only data cards coded in a p a r t i c u ­
l a r way, thus allowing comment cards to be placed in the data deck. 
Procedure READTWOARRAY. The READTWOARRAY procedure functions in 
the same manner as the READARRAY procedure, however i t reads 41 data 
values in to the f i r s t column i f a two-dimensional a r r a y . 
Real Procedure SUMMATION. The SUMMATION procedure provides an 
easy method of summing the values in an a r r a y . Called in the fol lowing 
manner, 
SUMMATION(1,11,12,FUNCTION) 
the procedure w i l l increment the counter I from a low value of I I t o a 
high value of 12 while summing any FUNCTION containing the I subscr ipt . 
Procedure CUTDECISION. The CUTDECISION procedure was developed 
to increase the genera l i ty of the f o r e s t management model. I t al lows 20 
cutt ing decision parameters to be se t or changed with only one s t a t e ­
ment. That statement: 
CUTDECISION(A,B J ) 
assigns the ten values A through J and the ten values 1-A, 1 -B , 1 - J 






















PXNLC(K) - Per Cent of S i t e Index XO Natural Land to be Harvested in 
the Next Time I n t e r v a l (K to L) Which i s to be Clear Cut 
(Per Cent of Acres) 
PXNLS(K) - Per Cent of S i t e Index XO Natural Land to be Harvested in 
the Next Time I n t e r v a l (K to L) Which i s to be S e l e c t i v e Cut 
(Per Cent of Acres) 
PXPLC(K) - Per Cent of S i t e Index XO Plantat ion Land to be Harvested in 
the Next Time I n t e r v a l (K to L) Which i s to be Clear Cut 
(Per Cent of Acres) 
PXPLS(K) - Per Cent of S i t e Index XO Plantat ion Land to be Harvested in 
the Next Time I n t e r v a l (K to L) Which i s to be S e l e c t i v e Cut 
(Per Cent of Acres) 
Procedure CUTRATE. The CUTRATE procedure forms the heart of the 
computations associated with the s e t t i n g of cutt ing r a t e s in accordance 
with the cutt ing sequence and cutt ing po l icy parameters. When ca l l ed in 
the fol lowing manner: 
CUTRATE(A) 
the procedure se t s the cutt ing r a t e s f o r block A in the cutt ing sequence. 





SI[A] - The Site Index of Land in Block A of the Cutting Sequence. 
SI[A>3,4,5,6, or 7 
PORN[A] - The Status of Land in Block A of the Cutting Sequence 
PORN[A]=0 Represents Natural Land 
P0RN[A>1 Represents Plantation Land 
AGE[A] - The Age of the Stand in Block A of the Cutting Sequence 
AGE[A]=0 Through 41 
Based on the values of B and C, the procedure switches to a set 
of equations which are appropriate for the site index and status of the 
land under consideration. Ten similar sets of equations are provided to 
allow for all possible combinations of site index and status. 
Within a given set of equations, the procedure first determines 
whether there are any acres in the block under consideration. If there 
are none, the potential cut, clear cutting rate and selective cutting 
rate are set to zero. If there are acres in the block under considera­
tion, the procedure determines the potential cut according to current 
cutting policy parameters, the cords to cut from the block under con­
sideration to meet the remaining demand for wood, and the appropriate 
clear and selective cutting rates. A typical set of equations for site 
index 60 plantation land is as follows. 
IF A6P[K,D] < 0 THEN 
BEGIN 
PCUT[K,A] = 0 
CC6PSD[K,D] ~ 0 
C6P[KL,D] = 0 
S6P[KL,D] - 0 




PCUT[K,A] = (P6PLC[K]) x (PC6PC[K,D]) 
+ (P6PLS[K]) x (PC6PS[K,D]) 
CREM[K,A] = CREM[K,A-1] - PCUT[K,A] 
CC6PSD[K,D] = CLIP(PCUT[K,A],CREM[K,A-1], 
CREM[K,A],0) 
C6P[KL,D] = (CC6PSD[K,D]/PCUT[K,A]) x 
(P6PLC[K]) x (A6P[K,D]) 
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S6P[KL,D] = (CC6PSD[K,D]/PCUT[K,A]) x 
(P6PLS[K]) x (A6P[K,D]) 
CREM[K,A] = MAX(CREM[K,A],0) 
END 
where the v a r i a b l e s are defined as fo l lows: 
A6P[K,D] - Acres of Land of S i t e Index 60 in Plantat ion Status D 
Years Old (Acres) 
PCUT[K,A] - Potent ia l Cords Cut i f the Entire Acreage in the Block 
Under Consideration (A) i s Cut According to the Current 
Cutting Policy (Cords) 
CC6PSD[K,D] - Cords to Cut from S i t e Index 60 Plantat ion Land D Years 
Old to S a t i s f y the Remaining Demand f o r Wood During the 
Next Time I n t e r v a l (K to L) (Cords) 
C6P[KL,D] - Clear Cutting Rate f o r S i t e Index 60 Plantat ion Land D 
Years Old f o r the Next Time I n t e r v a l (K to L) (Acres/Year) 
S6P[KL,D] - Se l ec t i ve Cutting Rate f o r S i t e Index 60 Plantat ion Land 
D Years Old for the Next Time I n t e r v a l (K to L) 
(Acres/Year) 
CREM[K,A] - Cords Remaining to be Cut During the Next Time I n t e r v a l 
(K to L) i f A l l Acreage in the Block Under Consideration 
(A) i s Cut According to the Current Cutting Policy (Cords) 
P6PLC[K] - Per Cent of S i t e Index 60 Plantat ion Land to be Harvested 
in the Next Time I n t e r v a l (K to L) which i s to be Clear 
Cut (Per Cent of Acres) 
PC6PC[K,D] - Potent ia l Cords i f A l l Acres in S i t e Index 60 Plantat ion 
Status D Years Old were Clear Cut (Cords) 
P6PLS[K] - Per Cent of S i t e Index 60 Plantat ion Land to be Harvested 
in the Next Time I n t e r v a l (K to L) which i s t o be Se lec ­
t i v e Cut (Per Cent of Acres) 
PC6PS[K,D] - Potent ia l Cords i f A l l Acres in S i t e Index 60 Plantat ion 
Status D Years Old Were Se l ec t ive Cut (Cords) 
Note that the CUTRATE procedure u t i l i z e s the number of cords 
remaining to be cut a f t e r block A - l was cut (CREM[K,A-1]) in determining 
the cutt ing r a t e s for block A, A l so , the number of cords remaining to 
be cut a f t e r cutt ing block A (CREM[K,A]) i s se t to a minimum value of 
zero to insure that a negative number of cords to be cut i s not attempted 
in block A + 1 . Once the required number of cords to s a t i s f y demand i s 
cu t , CREM[K,A] i s set to zero and f u r t h e r cutt ing i s inh ib i t ed . A flow 
diagram of the CUTRATE computations f o r s i t e index 60 p lantat ion land Z 
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years old f o r which the number of acres i s p o s i t i v e i s shown in Figure 
1 7 . Reference to the Abbreviated Flow Diagram of the Forest Management 
Model (Figure 15) w i l l show how the CUTRATE computations f i t in to the 
o v e r a l l model s t r u c t u r e . 
Procedure PLANTDECISIQN. The PLANTDECISION procedure allows f i v e 
planting decision parameters to be set or changed with only one s t a t e ­
ment. That statement 
PLANTDECISI0N(A9B,C9D,E) 






PRXOfKL] - Planting Rate (Plantat ion Land) for S i t e Index X0 Land f o r 
the Next Time I n t e r v a l (K to L) (Acres/Year) 
ACLXP[K] - Acres of Cleared Land of S i t e Index X0 to be Planted in 
Plantat ion Status at Some Time in the Future (Acres) 
A,B,C,D,E - Values Representing Per Cent of Land in the Given Category 
to be Planted During the Next Time I n t e r v a l (K to L) 
(Per Cent) 
Format Statements 
This segment of the program consis ts of the various format s t a t e ­
ments required to read data and p r i n t t a b u l a r r e s u l t s . The program 
allows two input data f i l e s . One i s a tape f i l e f o r large blocks of 
data which need not be changed of ten . The other i s a card f i l e and con­
s i s t s of those var iab le s which might be var ied frequent ly in model 
experiments. 
F i l l a r r a y 
The FILLARRAY segment of the program consis ts of three statements 
required to f i l l a r r a y s with cutt ing sequence data. The statement 
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FILL SI[*] with . . . 
f i l l s a one-dimensional array with the f i r s t d i g i t of the s i t e index of 
the 301 blocks in the cutt ing sequence such that 
SI[A] i s the s i t e index of the A'th block 
in the cutt ing sequence. 
In the same manner, the statement 
FILL P0RN[*] with . . . 
f i l l s an array with the s ta tus of the 301 blocks in the cutt ing sequence 
where 
P0RN[A]=0 Represents Natural Land 
PR0N[A]=1 Represents Plantat ion Land 
L a s t l y , the statement 
FILL AGE[*] with . . . 
f i l l s an array with the stand ages of the 301 blocks in the cutt ing 
sequence. 
Yieldvalues 
The YIELDVALUES segment of the program u t i l i z e s the READARRAY 
procedure to read y i e l d coe f f i c i en t s in to one-dimensional a r r a y s . The 
READARRAY procedure i s ca l l ed ten times in the fol lowing manner: 
READARRAY [YXN] 
READARRAY [YXP] 
XYN - Yield of Land of S i t e Index X0 in Natural Status (Cords/Acre) . 
X0 i s 3 0 , 4 0 , 5 0 , 6 0 and 70. 
YXP - Yield of Land of S i t e Index X0 in Plantat ion Status (Cords/Acre) . 
X0 i s 3 0 , 4 0 , 5 0 , 6 0 , and 70 . 
With each c a l l , the READARRAY procedure reads 41 y i e l d values ( r e p r e ­
senting 41 stand ages) in to the appropriate y i e l d a r r a y . 
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Dec i s ioncr i t er ia 
This segment of the program consists of two assignment statements 
and 1 1 read statements. The assignment statements 
LENGTH=100 
DT=1 
specify the length of the simulation run (100 y e a r s ) , and the so lut ion 
time i n t e r v a l (one y e a r ) . 




C0NC0N1 - Control Constant 1 (Dimensionless): Determines Whether Demand 
Pattern i s Constant or Ramp; CONCON1=0 Represents Constant 
Demand, C0NC0N1=1 Represents Ramp Demand 
DEMCON - Demand Constant (Cords/Year) 
The other ten read statements e s tab l i sh values f o r S e l e c t i v e Cutting 
Coef f ic ients f o r the ten f o r e s t management treatments in the model. A 
s e l e c t i v e cutt ing coe f f i c i en t i s defined as the per cent cut r e f l e c t i n g 
a s e l e c t i v e po l icy and i s expressed in "per cent of cords ." 
Zerosystem 
The ZEROSYSTEM segment of the program es tab l i shes the timekeeping 







TIMEX - Timekeeping Variable 
J ,K,L,JK,KL - Subscripting Variables 
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Leve U n i t i a l i z e 
The LEVELINITIALIZE segment of the program es tab l i shes the i n i ­
t i a l values of demand (DEMAND[0]) and the demand ramp increase 
(DEMRAM[0]) and reads the i n i t i a l values of l e v e l s (number of acres of 
land in the various blocks in the model at TIMEX=0). The number of 
acres of land in the f i v e s i t e indices i s read d i r e c t l y from the card 
input f i l e . The other 410 l e v e l s are read from the tape input f i l e 
through the use of the READTOWARRAY procedure. The appropriate s t a t e ­
ments are : 
READTWOARRAY(AXN) 
READTWOARRAY(AXP) 
AXN - Acres of Land of S i t e Index X0 in Natural Status (Acres) . 
X0 i s 3 0 , 4 0 , 5 0 , 6 0 , and 70 . 
AXP - Acres of Land of S i t e Index X0 in Plantat ion Status (Acres) . 
X0 i s 3 0 , 4 0 , 5 0 , 6 0 , and 70 . 
In determining the numerical values of i n i t i a l values of l e v e l s , 
i t was assumed that the t o t a l f o r e s t resource under consideration amounts 
to 100 ,000 acres . I t was a l so assumed that 25 per cent of t h i s acreage 
(25,000 acres ) i s a lready in p lantat ion s tatus and the r e s t in n a t u r a l 
growth s t a t u s . 
In order to approximate rea l -wor ld conditions , the work of Bennett, 
McGee, and C l u t t e r (30) was used in determining the i n i t i a l d i s t r i b u t i o n 
of p lantat ion land by age and s i t e index. Assuming that 1000 acres of 
p lantat ion land are i n i t i a l l y in a c leared condition and the other 24,000 
d i s t r i b u t e d among the various stand ages, and using the s i t e index d i s ­
t r i b u t i o n s reported by Bennett, McGee, and C l u t t e r , the values shown in 
Table 7 were obtained. 
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Table 7. Dis tr ibut ion of Plantat ion Land by S i t e Index 
S i t e Index Acres of Cleared Land 
Acres of 
Planted Land 
30 7 162 
40 27 648 
50 78 1 ,865 
60 469 1 1 , 2 7 1 
70 419 10 ,054 
TOTAL 1,000 24,000 
The d i s t r i b u t i o n of sample p lo t s by age as reported by Bennett, 
McGee, and C l u t t e r was not s u f f i c i e n t f o r the f o r e s t management model 
since stand ages under ten years old were not reported . However, the 
general form of the Bennett, McGee, and C l u t t e r age d i s t r i b u t i o n s by 
s i t e index were used. The r e s u l t i n g i n i t i a l age d i s t r i b u t i o n s used in 
the f o r e s t management model are shown in Figures 18 through 22. 
For na tura l growth land, no data were a v a i l a b l e which depicted 
d i s t r i b u t i o n s by age or s i t e index. The assumed d i s t r i b u t i o n of na tura l 
growth land by s i t e index i s shown in Figure 23. Table 8 shows the 
r e s u l t a n t acreage by s i t e index. 
Within each s i t e index a uniform d i s t r i b u t i o n of ages (rounded to 
integer values) was assumed. Tabular values of a l l i n i t i a l conditions 
are shown in Appendix E. 
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Figure 22. I n i t i a l Age Distribution f o r S i t e Index 70 Plantat ion Land 
Figure 23. I n i t i a l Distr ibution of Natural Growth Land by S i t e Index 
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Table 8. Distribution of Natural Growth 
Land by Site Index 
Site Per Cent 
Index of Land Acreage 
30 10 7,500 
40 22.5 16,875 
50 40 30 ,000 
60 22.5 16,875 
70 5 3,750 
TOTAL 100 75,000 
Levelcompute 
For TIMEX > 0, the LEVELCOMPUTE segment of the program is acti­
vated in each solution interval during the simulation run. The function 
of the LEVELCOMPUTE segment is to recalculate the values of all levels 
in the model at the beginning of each time period. 
The first levels calculated represent the demand function for the 
next time interval. 
DEMRAM[K]=RAMP(1000,0,DEMRAM[J]) 
DEMAND[K]=DEMCON+(CONCONl)x(DEMRAM[K]) 
DEMRAM - Demand Ramp Increase (Cords/Year) 
DEMAND - Demand for Pulpwood for the Next Time Interval (K to L) 
(Cords/Year) 
DEMCON - Demand Constant (Cords/Year) 
C0NC0N1 - Control Constant One (Dimensionless) 
In order to recalculate levels of acres, 20 equations (four for 
each site index) are required to sum the number of acres clear cut and 
selective cut in each of the ten forest management treatments during the 
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preceding time i n t e r v a l (J to K). These equations u t i l i z e the SUMMA­
TION procedure and are formulated in the following manner: 
AXNCC[K]=SUMMATION(Z,0,41,CXN[JK,Z]) 
AXNSC[K]=SUMMATI0N(Z,0,41,SXN[JK,Z]) 
AXPCC[K] = SUMMATIONS ,0 , 4 1 ,CXP[ JK,Z] ) 
AXPSC[K] = SUMMATIONS ,0 ,41 ,SXP[ JK,Z] ) 
AXNCC(K) - Acres of S i t e Index XO Natural Growth Land Clear Cut During 
the Preceding Time I n t e r v a l (J to K) (Acres) 
CXN(JK,Z) - Clear Cutting Rate f o r S i t e Index XO Natural Growth Land 
During the Preceding Time I n t e r v a l (J to K) (Acres/Year) 
AXNSC(K) - Acres of S i te Index XO Natural Growth Land Se l ec t ive Cut 
During the Preceding Time I n t e r v a l (J to K) (Acres) 
SXN(JK,Z) - Se l ec t ive Cutting Rate f o r S i t e Index XO Natural Growth 
Land During the Preceding Time I n t e r v a l (J to K) (Acres/Year) 
AXPCC(K) - Acres of S i t e Index XO Plantat ion Land Clear Cut During the 
Preceding Time I n t e r v a l (J to K) (Acres) 
CXP(JK,Z) - Clear Cutting Rate f o r S i t e Index XO Plantat ion Land During 
the Preceding Time I n t e r v a l (J to K) (Acres/Year) 
AXPSC(K) - Acres of S i t e Index XO Plantat ion Land S e l e c t i v e Cut During 
the Preceding Time I n t e r v a l (J to K) (Acres) 
SCP(JK,Z) - S e l e c t i v e Cutting Rate for S i t e Index XO Plantat ion Land 
During the Preceding Time I n t e r v a l (J to K) (Acres/Year) 
Note that the SUMMATION procedure i s used to sum the appropriate cutt ing 
r a t e s f o r the preceding time period over the e n t i r e range of stand ages. 
The l e v e l of land in natura l s tatus zero years old in each of the 
s i t e indices i s merely the sum of the acres s e l e c t i v e cut in that s i t e 
index during the preceding y e a r . The general form of the f i v e equations 
required for t h i s purpose i s as fo l lows: 
AXN[K,0]=AXPSC[K]+AXNSC[K] 
AXN[K,0] - Acres of Land of S i t e Index XO in Natural Growth Status Zero 
Years Old (Acres) 
AXPSC[K] - Acres of S i t e Index XO Plantat ion Land S e l e c t i v e Cut During 
the Preceding Time I n t e r v a l (J to K) (Acres) 
AXNSC[K] - Acres of S i t e Index XO Natural Growth Land S e l e c t i v e Cut 
During the Preceding Time I n t e r v a l (J to K) (Acres) 
The acres of c leared land in each s i t e index i s formulated as a 
function of the number of acres of c leared land at the previous point in 
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t ime, the number of acres newly c l ear cut , and the number of acres 
planted during the preceding time i n t e r v a l . The general equation i s as 
fo l lows . 
ACLXP[K]=ACLXP[J]+AXPCC[K]+AXNCC[K!1-PRX0[JK] 
ACLXP[K] - Acres of Cleared Land of S i t e Index XO to be Planted in 
Plantat ion Status at Some Time in the Future (Acres) 
AXPCC[K] - Acres of S i t e Index XO Plantat ion Land Clear Cut During the 
Preceding Time I n t e r v a l (J to K) (Acres) 
AXNCC[K] - Acres of S i t e Index XO Natural Growth Land Clear Cut During 
the Preceding Time I n t e r v a l (J to K) (Acres) 
PRXOfJK] - Planting Rate f o r S i t e Index XO Cleared Land f o r the Preced-
ing Time I n t e r v a l (J to K) (Acres/Year) 
The number of acres of zero-year old p lantat ion land in each s i t e 
index i s equal to the number of acres that were planted during the p r e ­
ceding time i n t e r v a l . The general equation i s , 
AXP[K,0]=PRXO[JK] 
AXP[K,0] - Acres of Land of S i t e Index XO in Plantat ion Status Zero 
Years Old (Acres) 
PRXO[JK] - Planting Rate for S i t e Index XO Cleared Land During the Pre­
ceding Time I n t e r v a l (J to K) (Acres/Year) 
The number of acres of land of stand age Z (where Z=l through 40) 
for a l l ten f o r e s t management treatments is equal to the number of acres 
of stand age Z-l which were not scheduled f o r cutt ing during the p r e ­
ceding time i n t e r v a l . As w i l l be seen l a t e r , t h i s i s defined as a growth 
r a t e ( in a c r e s ) . The general equations a r e : 
AXN[K,Z]=GXN[JK,Z-1] 
AXP[K,Z]=GXP[JK,Z-1] 
AXN[K,Z] - Acres of Land of S i t e Index XO in Natural Growth Status 
Z Years Old (Acres) 
GXN[JK,Z-1] - Growth Rate f o r S i t e Index XO Natural Growth Land Z-l 
Years Old During the Preceding Time I n t e r v a l (J to K) 
(Acres/Year) 
AXP[K,Z] - Acres of Land of S i t e Index XO in Plantat ion Status 
Z Years Old (Acres) 
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GXP[JK,Z-1] - Growth Rate for S i t e Index XO Plantat ion Land Z-l Years 
Old During the Preceding Time I n t e r v a l (J to K) 
(Acres/Year) 
L a s t l y , the number of acres in the ten f o r e s t management t r e a t ­
ments which are 41 years old i s formulated as a function of the number 
of acres in the same block one time period prev ious , the growth r a t e 
f o r 40 -year -o ld stands during the preceding time i n t e r v a l and the cutting 
r a t e s f o r the block under consideration during the previous time i n t e r ­
v a l . The general equations f o r natura l and p lantat ion lands are as 
fo l lows: 
AXN[K,41]=AXN[J,41]+GXN[JK,40]-CXN[JK,41]-SXN[JK,41] 
AXP[K,41]=AXP[J,41]+GXP[JK,40]-CXP[JK,41]-SXP[JK,41] 
AXN[K,41] - Acres of Land of S i t e Index XO in Natural Growth Status 41 
Years Old (Acres) 
GXN[JK,40] - Growth Rate f o r S i t e Index XO Natural Growth Land 40 Years 
Old During the Preceding Time I n t e r v a l ( J to K) (Acres/ 
Year) 
CXN[JK,41] - Clear Cutting Rate for S i t e Index XO Natural Growth Land 
41 Years Old During the Preceding Time I n t e r v a l (J to K) 
(Acres/Year) 
SXN[JK,41] - Se l ec t i ve Cutting Rate f o r S i t e Index XO Natural Growth 
Land 41 Years Old During the Preceding Time I n t e r v a l 
( J to K) (Acres/Year) 
AXP[K,41] - Acres of Land of S i t e Index XO in Plantat ion Status 41 
Years Old (Acres) 
GXP[JK,40] - Growth Rate for S i t e Index XO Plantat ion Land 40 Years Old 
During the Preceding Time I n t e r v a l (J to K) (Acres/Year) 
CXP[JK,41] - Clear Cutting Rate f o r S i t e Index XO Plantat ion Land 41 
Years Old During the Preceding Time I n t e r v a l ( J to K) 
(Acres/Year) 
SXP[JK,41] - S e l e c t i v e Cutting Rate for S i t e Index XO Plantat ion Land 
41 Years Old During the Preceding Time I n t e r v a l (J to K) 
(Acres/Year) 
Auxiliarycompute 
The AUXILIARYCOMPUTE segment of the program determines the poten­
t i a l cords cut i f d i f f e r e n t f o r e s t management treatments were to be 
c l e a r cut or s e l e c t i v e cut during the next time i n t e r v a l . A l l equations 
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are imbedded in a loop which ca lcu la tes values f o r the e n t i r e range of 
stand ages (Z=0 to 4 1 ) . The general equations are formulated as fol lows: 
PCXNC[K,Z] = (AXN[K,Z]) x (YXN[Z]) 
PCXNS[K,Z] = (AXN[K,Z]) x (YXN[Z]) x (SCCXN) 
PCXPC[K,Z] = (AXP[K,Z]) x (YXP[Z]) 
PCXPS[K,Z] = (AXP[K,Z]) x (YXP[Z]) x (SCCXP) 
PCXNC[K,Z] - Po tent ia l Cords i f A l l Acres in S i te Index XO Natural 
Growth Status Z Years Old were Clear Cut (Cords) 
AXN[K,Z] - Acres of Land of S i t e Index XO in Natural Growth Status Z 
Years Old (Acres) 
YXN[Z] - Yield of Land of S i t e Index XO in Natural Growth Status Z 
Years Old (Cords/Acre) 
PCXNS[K,Z] •- Potent ia l Cords i f a l l Acres in S i t e Index XO Natural 
Growth Status Z Years Old were Se l ec t i ve Cut (Cords) 
SCCXN -- Se l ec t ive Cutting Coeff ic ient f o r S i t e Index XO Natural 
Growth Land (Per Cent of Cords) 
PCXPC[K,Z] - Potent ia l Cords i f a l l Acres of S i t e Index XO Plantat ion 
Land Z Years Old were Clear Cut (Cords) 
AXP[K,Z] - Acres of Land of S i t e Index XO in Plantat ion Status Z 
Years Old (Acres) 
YXP[Z/] - Yield of Land of S i t e Index XO in Plantat ion Status Z 
Years Old (Cords/Acre) 
PCXPS[K,Z] - Po tent ia l Cords i f A l l Acres of S i t e Index XO Plantat ion 
Land Z Years Old were Se l ec t ive Cut (Cords) 
SCCXP - Se l ec t i ve Cutting Coeff ic ient f o r S i t e Index XO Plantat ion 
Land (Per Cent of Cords) 
Decisioncompute 
The DECISIONCOMPUTE segment of the program provides the mechanism 
f o r changing f o r e s t management p o l i c i e s or speed of response to the cur­
rent condition of the f o r e s t resource . Two primary v a r i a b l e s are used 
in determining pol icy decisions to be made. 
Average demand for pulp (AVDEM[K]) i s computed on the bas is of 
the current and past l e v e l s of DEMAND[K]. 
Total Cords on the Stump (TCS[K]) i s formulated as the sum of a l l 
cords obtained i f a l l acres in the f o r e s t were c l e a r cut . The SUMMATION 
procedure i s used as fo l lows: 
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TCS[K] = SUMMATIONS,0,41 ,PC3NC[K,Z] + PC4NC[K,Z] + 
PC5NC[K,Z] + PC6NC[K,Z] + PC7NC[K,Z] + PC3PC[K,Z] + 
PC4PC[K,Z] + PC5PC[K,Z] + PC6PC[K,Z] + PC7PC[K,Z]) 
TCS[K] - Total Cords on the Stump (Cords) 
PCXNC[K,Z] - Potent ia l Cords i f a l l Acres of S i t e Index XO Land in 
Natural Growth Status Z Years Old were Clear Cut (Cords) 
PCXPC[K,Z] - Potent ia l Cords i f a l l Acres of S i t e Index XO Land in 
Plantat ion Status Z Years Old were Clear Cut (Cords) 
A comparison i s then made between AVDEM[K] and TCS[K]. Through 
a se t of numerical c o e f f i c i e n t s which r e f l e c t the speed of response to 
changing f o r e s t condi t ions , the program then switches to one of s e v e r a l 
Decision Labels . A t o t a l of s ix Decision Labels i s provided to allow a 
graduated response to changing f o r e s t resource condit ions . 
Within each Decision Label, a s ingle statement (employing the 
CUTDECISION procedure) se t s 20 coe f f i c i en t s represent ing the per cent 
of land in each of the ten f o r e s t management treatments to be c l e a r and 
s e l e c t i v e cut during the next time i n t e r v a l . 
Ratecompute 
The RATECOMPUTE segment of the program es tab l i shes a l l cutt ing 
r a t e s and plant ing r a t e s in the model. 
The construct: 
FOR I = 1 STEP 1 UNTIL 301 DO 
CUTRATE(I) 
c a l l s the CUTRATE procedure 301 times in succession. As prev ious ly 
discussed, the CUTRATE procedure evaluates the c l ear and s e l e c t i v e cut ­
t ing r a t e s f o r the block under consideration according to a se t of 
decision p o l i c i e s as determined by the DECISIONCOMPUTE segment of the 
program. In c a l l i n g the CUTRATE procedure 301 t imes, a l l cutt ing r a t e s 
f o r the predetermined cutt ing sequence are evaluated. Cutting r a t e s 
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f o r the 109 blocks f o r which harvest ing i s prohibited (due to a negative 
value of r a t e - o f - r e t u r n ) are se t to zero through the use of simple loop-
nested assignment statements. 
Planting r a t e s in the model are establ i shed in much the same way 
as cutt ing decision parameters were. A comparison i s again made between 
Average Demand (AVDEM[K]) and Total Cords on the Stump (TCS[K]). The 
same se t of numerical coe f f i c i en t s r e f l e c t i n g the speed of response to 
changing f o r e s t resource conditions i s used to switch the program to one 
of s i x Planting Labels. 
Within each Planting Label, the PLANTDECISION procedure i s used 
to se t the planting r a t e s f o r the next time i n t e r v a l f o r each of the 
f i v e s i t e ind ices . 
Growth. 
The GROWTH segment of the program determines the number of acres 
in each block which w i l l be allowed to grow during the next time i n t e r ­
v a l . The growth r a t e f o r a p a r t i c u l a r block i s formulated as the d i f ­
ference between the number of acres in the block and the number of acres 
in the block which have been scheduled to be cut during the next time 
i n t e r v a l . The general equations are as fo l lows: 
GXN[KL,Z] = AXN[K,Z] - CXN[KL,Z] - SXN[KL,Z] 
GXP[KL,Z] = AXP[K,Z] - CXP[KL,Z] - SXP[KL,Z] 
GXN[KL,Z] - Growth Rate f o r S i t e Index XO Natural Growth Land Z Years 
Old (Acres/Year) 
AXN[K,Z] - Acres of Land of S i t e Index XO in Natural Growth Status Z 
Years Old (Acres) 
CXN[KL,Z] - Clear Cutting Rate f o r S i t e Index XO Natural Growth Land Z 
Years Old (Acres/Year) 
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SXN[KL,Z] - Se l ec t ive Cutting Rate f o r S i t e Index XO Natural Growth 
Land Z Years Old (Acres/Year) 
GXP[KL,Z] - Growth Rate for S i t e Index XO Plantat ion Land Z Years Old 
(Acres/Year) 
AXP[K,Z] - Acres of Land of S i t e Index XO in Plantat ion Status Z Years 
Old (Acres) 
CXP[KL,Z] - Clear Cutting Rate f o r S i t e Index XO Plantat ion Land Z Years 
Old (Acres/Year) 
SXP[KL,Z] - Se l ec t ive Cutting Rate f o r S i t e Index XO Plantat ion Land Z 
Years Old (Acres/Year) 
Writeoutput 
The WRITEOUTPUT segment of the program consists of the statements 
necessary to p r i n t desired tabu lar output at the end of each year of 
the s imulat ion. In t h i s study the fol lowing s i g n i f i c a n t var iab le s were 
printed f o r each time period. 
Demand Ramp (DEMRAM) 
Demand (DEMAND) 
Average Demand (AVDEM) 
Total Cords on the Stump (TCS) 
Acres Cut (J to K) 
Acres to Cut (K to L) (ACUT) 
Cords Cut (K to L) (CCUT) 
Cords Per Acre (K to L) (CPA) 
Unsatisf ied Demand (K to L) (USD) 
Values of Levels of Acres f o r a l l Forest 
Management Treatments and Stand Ages 
Values of Cutting Rates f o r a l l Forest 
Management Treatments and Stand Ages 
A sample tabular output of the f o r e s t management model i s shown 
in Appendix F. 
Clockcheck 
The CLOCKCHECK segment t e s t s the timekeeping function to see i f 
the simulation run has been completed. If no t , contro l i s passed to the 
CLOCKINCREMENT segment. If the simulation i s complete, control i s 
passed to ENDOFRUN. 
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Clockincrement 
The CLOCKINCREMENT segment increments a l l timekeeping and sub­
scr ip t ing values by ope as fo l lows: 
TIMEX = TIMEX + DT 
J = J + 1 
K = K + 1 
L = L + 1 
JK = JK + 1 
KL = KL + 1 
TIMEX - Timekeeping Variable 
J ,K,L,JK,KL - Subscripting Variables 
DT - I n t e r v a l Between Computations (1 Year) 
Control i s then passed to LEVELCOMPUTE f o r the commencement of computa­
t ions f o r another time period. 
Endofrun 
The ENDOFRUN segment causes the simulation run to be terminated. 
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CHAPTER V 
RESULTS OF THE FOREST MANAGEMENT MODEL 
General 
The f o r e s t management model was purposely constructed in a very 
general format. As such, the model has the f l e x i b i l i t y to t e s t i n t e r ­
act ions between s e v e r a l d i f f e r e n t se t s of conditions and decision param­
e t e r s . Due to the number of experiments required to t e s t a l l poss ible 
a l t e r n a t i v e s , i t was decided to l i m i t model experiments to a represen­
t a t i v e few which would demonstrate both the usefulness of the model and 
the nature of the e f f e c t s of d i f f e r e n t f o r e s t management p o l i c i e s . 
Parameter Combinations Tested 
In t h i s study, experiments were l imited to d i f ferences in demand 
pat tern and speed of response to changes in the condition of the f o r e s t 
resource . 
Demand Pattern 
Experiments were made with both constant and ramp demand patterns . 
Values of demand constant (DEMCON) se lected f o r t e s t were 60 ,000 and 
100 ,000 cords per y e a r . In addit ion a ramp increase of 200 cords per 
year was added to a DEMCON of 60,000 cords per year in some model 
experiments. The demand pat terns tes ted are summarized in Figure 24. 
Speed of Response 
Speed of response r e f l e c t s the speed with which f o r e s t management 
pol icy i s changed in response to changes in the l e v e l of wood a v a i l a b l e 
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Figure 24. Demand Patterns Tested in 
the Forest Management Model 
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f o r harves t ing . The f o r e s t management pol icy i t s e l f i s manifest in the 
percentages of acres in the d i f f e r e n t f o r e s t management treatments which 
are to be c l e a r cut and s e l e c t i v e cut and the per cent of c leared land 
which i s to be planted in the following time period. 
The speed of response f a c t o r i s found in the DECISIONCOMPUTE and 
RATECOMPUTE segments of the program. In each case , Average Demand 
(AVDEM) i s compared with Total Cords on the Stump (TCS) and program logic 
i s switched to one of a se t of Decision Labels or Planting Labels based 
on the outcome of the comparison. Using the values A, B, C, D, and E 
as response c o e f f i c i e n t s , the comparison in DECISIONCOMPUTE i s made as 
fo l lows: 
IF TCS(K) > (A) x (AVDEM[K]) THEN GO TO DL1 
ELSE 
IF TCS(K) > (B) x (AVDEM[K]) THEN GO TO DL2 
ELSE 
IF TCS(K) > (C) x (AVDEM[K]) THEN GO TO DL3 
ELSE 
IF TCS(K) > (D) x (AVDEM[K]) THEN GO TO DL4 
ELSE 
IF TCS(K) > (E) x (AVDEM[K]) THEN GO TO DL5 
ELSE 
GO TO DL6 
TCS[K] - Total Cords on the Stump (Cords) 




The same comparison i s made in the RATECOMPUTE segment of the 
program with the subs t i tu t ion of Planting Labels f o r Decision Labels. 
If the numerical values of A, B, C, D, and E are taken in decreas­
ing o r d e r , i t i s seen that i f there i s an abundance of cords on the 
stump, contro l i s switched to DL1„ Likewise, i f wood a v a i l a b i l i t y i s 
c r i t i c a l , contro l i s switched to DL6. Once program control i s passed 
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to one of the Decision Labels or Planting Labels , appropriate f o r e s t 
management parameters are set through the use of the CUTDECISION and 
PLANTDECISION procedures. The use of s i x Decision Labels and s i x P lant ­
ing Labels allows graduated changes in cutting and planting pol icy as 
the condition of the f o r e s t resource changes. 
Two speeds of response, designated f a s t and slow, were tes ted in 
the model. The response coe f f i c i en t s associated with these two speed 
of response p o l i c i e s are shown in Table 9. 
Table 9. Speed of Response Coef f ic ients 
Response Coef f ic ients 
Policy A B C D E 
Slow 25 20 15 10 5 
Fast 21 18 15 12 9 
The combinations of demand pat tern and speed of response pol icy 
tes ted in the model are summarized in Table 10 on the fol lowing page. 
Results 
In t h i s sec t ion , some of the most s i g n i f i c a n t r e s u l t s of the 
f o r e s t management model are discussed and examined in terms of graphic 
p l o t s obtained from tabular output of the model. I t must be remembered 
that the numerical output of the model i s heav i ly dependent on the set 
of parameters and coe f f i c i en t s used in model formulation. As such, the 
model r e s u l t s are condit ional in nature . Model experiments were not 
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designed to t e s t or evaluate any p a r t i c u l a r c r i t e r i a or p o l i c y . Real-
world appl icat ion of the model would e n t a i l a s i gn i f i can t amount of 
research to determine appropriate parameters, c o e f f i c i e n t s , and i n i t i a l 
conditions p r i o r to actual model experiments. 
Table 1 0 . Parameter Combinations Tested in 








1 Slow 60,000 0 
2 Slow 60,000 200 
3 Fast 60 ,000 200 
4 Slow 100 ,000 0 
5 Fast 100 ,000 0 
Each experiment with the model y i e l d s tabular data f o r each of 
the 100 time periods in the simulation run. S ign i f i cant data values 
produced include the current demand (DEMAND), the average demand (AVDEM), 
t o t a l cords on the stump (TCS), t o t a l acres and cords t o be cut during 
the next time i n t e r v a l , y i e l d in cords per acre (CPA) f o r the next time 
i n t e r v a l , the unsat i s f i ed demand for the next time i n t e r v a l , and a com­
p l e t e l i s t i n g of the values (number of acres) of each of the 420 "blocks" 
of land in the model. Inclusion of a l l tabular r e s u l t s produced i s not 
f e a s i b l e , however a sample of the numerical data obtained f o r one year 
of one simulation run i s shown in Appendix F. 
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Examination of the graphical p lo t s of s i g n i f i c a n t v a r i a b l e s 
r e v e a l s that p lo t s for two of the f i v e simulation runs are not complete 
through 100 time per iods . This discrepancy was caused by a d iv ide-by-
zero e r r o r which occurred under cer ta in circumstances in the CUTDECISION 
procedure. Although t h i s procedure was analyzed in d e t a i l in an attempt 
to i s o l a t e and correct the e r r o r , the cause of the e r r o r was not found. 
I t should be noted that occurrence of the d iv ide-by-zero e r r o r does not 
i n v a l i d a t e r e s u l t s obtained f o r time periods p r i o r to the occurrence of 
the e r r o r . 
Plots of t o t a l cords on the stump (TCS) v s . TIME f o r the f i v e 
model experiments are shown in Figures 25 through 29. In each f igure 
the time scale goes from zero to 100 (Years) and TCS assumes values 
between zero and 1 , 7 0 0 , 0 0 0 cords. 
In run No. 1 , demand was held constant at 60,000 cords per year 
and the management response po l icy was slow. In Figure 2 5 , TCS i s seen 
to increase to a maximum a f t e r 21 years of harvest ing and then f a l l s o f f 
continuously to a minimum at YEAR=46 (div ide-by-zero e r r o r ) . This peak­
ing c h a r a c t e r i s t i c i s i n d i c a t i v e of the f a c t that a f t e r s e v e r a l years 
of harves t ing , the number of acres of mature timber decreased, r e s u l t i n g 
in a reduction in the number of cords on the stump. The slow management 
response pol icy r e s u l t e d in gradual changes in the value of TCS. The 
d iv ide-by-zero e r r o r precluded the ana lys i s of long-term trends in t h i s 
run. 
In run No. 2 , the response po l icy was again slow; however, a 
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Figure 29. Plot of TCS vs . TIME f o r Run No. 5 of the Forest Management Model 
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demand of 60 ,000 cords per y e a r . The p lo t of TCS v s . TIME (Figure 26) 
shows the same peaking c h a r a c t e r i s t i c as in run No. 1 ; however, the 
peak occurs e a r l i e r (YEAR=20) and i s of a smaller magnitude than in 
run No. 1 . This i s in terpre ted as a r e s u l t of the increasing magnitude 
of DEMAND coupled with the slow response po l i cy . The long term behavior 
of TCS shows a trend towards s t a b i l i z a t i o n around a value of TCS= 
1 , 4 0 0 , 0 0 0 . This s t a b i l i t y indicates the a b i l i t y of the management 
response po l i cy t o adjust TCS to a changing demand over a long period 
of t ime. 
In run No. 3 , the same demand pat tern was used as in run No. 2; 
however, a f a s t management response pol icy was implemented. Results of 
run No. 3 (Figure 27) are quite s i m i l a r to the r e s u l t s obtained with a 
slow response p o l i c y . However, the maximum value of TCS occurred e a r ­
l i e r (YEAR=15) and i s of a smal ler magnitude than in run No. 2. In the 
long run , the f a s t response po l icy r e s u l t e d in more rapid changes in TCS; 
however, the same s t a b i l i z i n g tendency of TCS i s ev ident . 
In run No. 4 , demand was held constant at 100 ,000 cords per year 
and the management response po l i cy was slow. Figure 28 immediately shows 
the e f f e c t of the increase in demand. TCS decreases cont inual ly during 
the f i r s t 38 years of the simulation run and does not make s i g n i f i c a n t 
increases u n t i l a f t e r YEAR=60. The long-term trend of TCS v s . TIME 
indicates wide f luc tuat ions in TCS; however, i t i s noted that the model 
does tend towards regu la t ion of the f o r e s t resource . 
In run No. 5 , demand was again held constant a t 100 ,000 cords per 
y e a r ; however, a f a s t management po l i cy was t e s t e d . Although r e s u l t s 
f o r t h i s run (Figure 29) were hindered by a d iv ide-by-zero e r r o r a t 
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YEAR=18, the p lo t of TCS v s . TIME f o r the f i r s t 18 years i s quite s imi­
l a r to the r e s u l t s of run No. 4 (slow response p o l i c y ) . I t i s noted, 
however,that the p lo t of TCS shows signs of " f la t ten ing out" somewhat 
a f t e r YEAR=10 indicat ing the responsive e f f e c t of a f a s t e r management 
response po l i cy during a period of time when the quanti ty of a v a i l a b l e 
resources i s decl ining r a p i d l y . 
In genera l , the p lo t of TCS v s . TIME indicates the long-term 
i n t e r a c t i o n s between demand and management response p o l i c y . Such a p lo t 
can be used to evaluate the long-term a b i l i t y of the f o r e s t resource to 
sustain a given demand pat tern under a p a r t i c u l a r management p o l i c y . 
P lots of cords per acre (CPA) v s . TIME f o r the f i v e model exper i ­
ments are shown in Figures 30 through 34. The value of CPA p lo t ted 
always r e f e r s to the next time i n t e r v a l . That i s , the value of CPA at 
TIME=5 represents the cords harvested per acre during the period from 
TIME=5 to TIME=6. I t i s assumed of course that a l l harvest ing i s done 
according to the p o l i c i e s and r a t e s es tabl i shed at TIME=5. 
The value of CPA i s a r e f l e c t i o n of the produc t iv i ty of the land 
harvested in a p a r t i c u l a r y e a r . Stated d i f f e r e n t l y , the value of CPA 
depends on which blocks in the cutt ing sequence have merchantable wood 
a v a i l a b l e for harvest ing at a p a r t i c u l a r point in time. For a given 
demand, a high value of CPA indicates that the demand i s s a t i s f i e d by 
harvest ing a r e l a t i v e l y small number of acres of land with a high y i e l d . 
Conversely, a low value of CPA indicates t h a t a large number of acres of 
l e s s e r produc t iv i ty are required to s a t i s f y the demand. 
Examination of Figures 30 through 34 indicates that 1he p l o t s of 
CPA v s . TIME are very s i m i l a r . Var iat ions in CPA appear to be the r e s u l t 
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Figure 30. Plot of CPA v s . TIME f o r Run No. 1 of the Forest Management Model 
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Figure 34. Plot of CPA vs . TIME f o r Run No. 5 of the Forest Management Model o 
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of short-term random f luc tuat ions r a t h e r than long-term trends . In a l l 
cases , the value of CPA appears to vary around an average of approxi­
mately 27 cords per a c r e . This f igure i s of course a function of the 
y i e l d c o e f f i c i e n t s b u i l t in to the model. The s h i f t s in CPA are i n t e r ­
preted as a function of the changes in the nature of the f o r e s t resource 
over t ime. That i s , the a v a i l a b i l i t y of merchantable timber in any 
given year ." I t must be remembered that the predetermined cutt ing 
sequence determines the CPA of successive blocks of land in the cutt ing 
sequence. Thus in the e a r l y years of the simulation mature, highly 
productive stands are a v a i l a b l e f o r harvest ing . A l so , each year acres 
are "flowing" into these highly productive blocks . In the long run, 
the model seeks a s t eady- s ta t e condition where the blocks with timber 
a v a i l a b l e f o r harvest ing each year are a function of the in t erac t ion 
between demand and the speed of management response. 
Figures 30 and 31 are almost i d e n t i c a l over the ranges shown. 
Both of these runs (Nos. 1 and 2) involve a slow response po l i cy . Run 
No. 1 was based on a constant demand of 60,000 cords per y e a r , whereas 
run No. 2 involved an annual increase of 200 cords. For these two con­
d i t i o n s , the general l e v e l of demand was such that approximately the 
same, balance between demand and response po l i cy was es tab l i shed . In the 
extremely long run, the gradual increase in demand in run No. 2 would be 
expected to deplete the f o r e s t resource , r e s u l t i n g in gradual ly decreas­
ing values of CPA. 
Run No. 3 (Figure 32) was i d e n t i c a l with run No. 2 , except f o r 
the change to a f a s t response po l i cy . Much l i k e the p l o t s of TCS v s . 
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TIME f o r these two runs , the p lo t s of CPA v s . TIME are very s i m i l a r 
throughout the simulation runs . 
Runs Nos. 4 and 5 (Figures 33 and 34) were both character ized by 
a constant demand of 100 ,000 cords per y e a r . Run No. 4 involved a slow 
response po l icy whereas run No. 5 incorporated a f a s t p o l i c y . The p lo t s 
of CPA v s . TIME, f o r the ranges a v a i l a b l e f o r comparison, again show 
great s i m i l a r i t y . I t i s noted, however, that the higher l e v e l of demand 
resu l t ed in wider f luc tuat ions in CPA (see Figures 30 and 33 f o r a com­
parison of constant demands of 60,000 and 100 ,000 cords per y e a r , each 
with a slow response p o l i c y ) . This i s in terpre ted to be a r e s u l t of the 
increased "s tra in" imposed on the f o r e s t resource under the higher demand 
l e v e l . (See Figures 25 and 28 f o r a graphic display of the d i f ferences 
in TCS f o r these two model experiments.) I t i s noted, however, that 
even under a demand of 100 ,000 cords per y e a r , the value of CPA s t i l l 
averaged approximately 27 over the long run. 
In addit ion to the trend or "status" information provided by 
p lo t s of TCS and CPA v s . TIME, the f o r e s t management model i s capable of 
producing operat ional data of use in managing a l a r g e - s c a l e f o r e s t 
resource . Given an ant ic ipated demand pat tern and assuming a managerial 
response pol icy together with i t s attendant numerical parameters, the 
model can be programmed to y i e l d a tab le of cutt ing r a t e s f o r every 
block of land f o r the length of the simulation run. Under the se t of 
assumptions inherent in the model, these values can be implemented in 
the operat ional management of the f o r e s t resource . 
In summarizing the r e s u l t s of the f o r e s t management model, the 
condit ional nature of the numerical r e s u l t s must again be s t re s sed . 
Ill 
In t h i s s tudy, emphasis has been placed on the development of measures 
of trends or r e l a t i o n s h i p s between f o r e s t management decisions and the 
long-term capab i l i ty of the f o r e s t resource t o meet a continuing demand 
f o r pulp. The simulation technique i s one of experimentation with a 
small percentage of the i n f i n i t e combinations of f a c t o r s that may be 
present in the rea l -wor ld system. As such, no general "laws" of optimal 
f o r e s t management pol icy can be deduced from t h i s study. 
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CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
The main objec t ive of t h i s s tudy, as s ta ted in Chapter I , was the 
development of a technique whereby the indiv idual pulp-producing company 
could evaluate the l e v e l of f o r e s t management required to support a con­
t inuing demand f o r pulp from a l imited company contro l l ed f o r e s t 
resource . This objec t ive was reached through the construction of two 
i n t e r r e l a t e d d i g i t a l simulation models. The f i r s t , a f o r e s t investment 
model, i s intended f o r use in evaluat ing the p r o f i t a b i l i t y of d i f f e r e n t 
f o r e s t management treatments on d i f f e r e n t types of land. The second, a 
g e n e r a l ' f o r e s t management model, i s intended f o r use in a simulation 
approach to the management of a heterogenous f o r e s t resource . The use 
of the two models provides a technique that incorporates the dual objec­
t i v e s of p r o f i t a b l e investment and s a t i s f a c t i o n of a changeable annual 
demand into a s ingle management t o o l . 
The models as developed c l e a r l y display the c h a r a c t e r i s t i c s of 
u t i l i t y and f l e x i b i l i t y . The models are general in nature and can be 
u t i l i z e d in widely-varying circumstances. S u f f i c i e n t f l e x i b i l i t y i s 
a v a i l a b l e to allow consideration of wide v a r i e t i e s of managerial p o l i ­
c i e s , types of land, and demand p a t t e r n s . The models can operate on 
d i f f e r e n t s e t s of parameter values and input conditions with minimal 
inconvenience t o the programmer. In addi t ion , model formulation i s 
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l o g i c a l and can be in terpre ted and understood in terms of r e a l - w o r l d 
understanding. 
In evaluat ing r e s u l t s and s ta t ing conclusions, i t must be remem­
bered that t h i s study was aimed at the development of a general tech­
nique. No attempt was made to determine an optimal f o r e s t management 
po l i cy . Such an e f f o r t would require extensive experimentation with 
d i f f e r e n t parameters and would s t i l l y i e l d only condit ional r e s u l t s . 
As a r e s u l t of t h i s s tudy, however, s evera l conclusions can be s tated 
with regard to the nature of f o r e s t management. 
1 . Discounted cash flow or r a t e - o f - r e t u r n ana lys i s based on the 
indiv idual acre or "block" of land can be e f f e c t i v e l y applied to the 
evaluat ion of f o r e s t management a l t e r n a t i v e s . The f o r e s t investment 
model, as developed, i s a s impl i f i ca t ion of the broad-scale model needed 
to evaluate complex a l t e r n a t i v e s . The r a t e - o f - r e t u r n approach i s 
s tra ight forward and e f f i c i e n t and can be used to evaluate many combina­
t ions of p o l i c i e s and parameters. 
2 . Within the current range of costs and revenues associated 
with pulpwood harves t ing , the primary f a c t o r in p r o f i t a b i l i t y i s the 
growing c a p a b i l i t y of the land ( s i t e index) . In p a r t i c u l a r , the g r e a t e r 
the s i t e index, the g r e a t e r the p o t e n t i a l r a t e of r e t u r n . 
3 . In any l a r g e - s c a l e harvest ing operat ion , investment in p lan­
t a t i o n management w i l l increase the r a t e of re turn on invested c a p i t a l 
regardless of the growing c a p a b i l i t y of the land. 
4 . The simulation approach to f o r e s t management i s capable of 
y i e ld ing s i g n i f i c a n t bene f i t s to woodlands managers. In that the simu­
l a t i o n approach allows the incorporation of two or more objec t ives in 
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the basic ana ly t i c s t r u c t u r e , i t provides the mechanism f o r bridging the 
gap between the t r a d i t i o n a l f o r e s t regulat ion model and the f i n a n c i a l 
maturity approach. 
5. The general demand l e v e l (as opposed to demand pa t t ern ) 
imposed on a given f o r e s t resource i s the l a r g e s t s ingle determinant of 
the c a p a b i l i t y of the resource to s a t i s f y a long-term demand f o r wood. 
6 . The s t a b i l i t y of cords harvested per acre from a given f o r e s t 
resource i s a f fected to some degree by the long-term demand; however, 
the l e v e l and range of cords per acre i s pr imar i ly a function of the 
c a p a b i l i t i e s of the growing stock. 
7. Prudent and e f f e c t i v e f o r e s t management w i l l r e s u l t in s ig ­
n i f i c a n t l y b e t t e r f o r e s t output (as measured by cords harvested per acre) 
than i s current ly being r e a l i z e d from Southern company-owned f o r e s t 
resources . 
Recommendations 
Based on the experience gained while carrying out t h i s s tudy, 
numerous l ines of p o t e n t i a l future inves t iga t ion are ev ident . Both 
in-depth studies of p a r t i c u l a r aspects of f o r e s t management and f u r t h e r 
development of the o v e r a l l technique proposed in t h i s study are recom­
mended . 
Of prime concern in the development of the f o r e s t management 
model proposed in t h i s study i s the e l iminat ion of the d iv ide-by-zero 
e r r o r which occurred under cer ta in circumstances in the CUTDECISION 
procedure. Although t h i s e r r o r does not i n v a l i d a t e r e s u l t s of the model, 
i t hinders implementation and t e s t ing of the model under d i f f e r i n g se t s 
of input condit ions . 
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A s i g n i f i c a n t improvement could be r e a l i z e d by streamlining the 
f o r e s t management model to e f f e c t g r e a t e r computational e f f i c i ency and 
hence a reduction in computer time. As developed, the model i s not 
economical in terms of the computer time required for a simulation run. 
The f o r e s t investment model could be f u r t h e r developed to allow 
more f l e x i b i l i t y f o r t e s t ing and evaluating such things as thinning 
I 
operations and multi-product f o r e s t management. In t h i s r e s p e c t , i 
research i s needed in the areas of optimal thinning i n t e n s i t y and cycles 
and the systems and f i n a n c i a l aspects of multi-product logging. 
The f o r e s t management model could be expanded by the inclus ion 
of costs and revenues in the model. By incorporating f i n a n c i a l con­
s iderat ions , f o r e s t management could be evaluated from the standpoint 
of cos t -benef i t a n a l y s i s . 
Much research i s needed on genetic improvements in the t r e e i t ­
s e l f . Such improvements could, over a period of t ime, s i g n i f i c a n t l y 
change the cutt ing sequence as determined by the f o r e s t investment model. 
As such, i t would be advantageous to couple the two models together . 
The f o r e s t investment model could be incorporated in the f o r e s t manage­
ment model as a loop procedure to be executed every year in the simula­
t ion run. As such, the harvest ing sequence could be a l t e r e d as changes 
in f o r e s t growth behavior e f f e c t the r a t e - o f - r e t u r n p ic ture for the 
ind iv idua l "blocks" of land. The FORTRAN language i s suggested f o r t h i s 
purpose. 
L a s t l y , as a t e s t of the value of the approach presented h e r e , 
experiments should be conducted using data and parameters r e p r e s e n t a t i v e 
of a p a r t i c u l a r r e a l - w o r l d woodlands operat ion. As such, model r e s u l t s 
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THE FOREST INVESTMENT MODEL 
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ROR RATE OF RETURN ON INITIAL INVESTMENT (PERCENT) 
R O R A U * . . . .AUXILIARY NEEDED Tfl COMPUTE RATE OF RETURN FOR 
CURRENT YEAR (DIMENSIONLESS) 
RORFAC . . . . R A T E OF RETURN FACTOR FOR CURRENT YEAR (PERCFNT) 
SPPC SITE PREPARATION AND PLANTING COST (DOLLARS/ACRF ) 
STMPC CURRENT STlJMPAr.E PRICE (OOLLARS/CORD) 
STMPI INITIAL STUMPAGE PRICE (DOLLARS/CORD) 
T A X R C . . . . .CURRENT TAX RATE (DOLLARS/ACRE ) 
TAXRI INITIAL TAX RATE (DOLLARS/ACRE) 
TlVMAN.. . .TOTAL INITIAL VALUE OF LAND MANAGEMENT COSTS PAID 
THROUGH END OF CURRENT YEAR (DOLLARS/ACRE ) 
T l V T A X . . . . T O T A L INITIAL VALUE OF TAxFS PAID THROUGH FND OF 
CURRENT YEAR (DOLLARS/ACRE) 
UNITY CONSTANT OF ONE ( D I MENS IDNLESS ) 
WOODC CURRFNT WOOD VALUE (DOLLARS/ACRE) 
YEAR CURRENT YEAR 
Y E A R 1 CURRENT YEAR PLUS ONE 
YIELD YIELD OF LAND (CORDS/ACRE) 
YlNRA YEARLY INCREMENT RATE ( I ) 
YLD YIELD TABLE (CORDS/ACRE) 
YRAUxl.. . .COMPUTATIONAL AUXILIARY USED TO AyOlD DIVISION BY 
ZERO WHEN YEAR EQUALS ZERO 
YRAUX2. . . .COMPUTATIONAL AUXILIARY USFD TO AVOID DI VISI ON BY 
ZERO WHEN YEAR EQUALS ZFKO 




1L YEAR.K»YEAR.J*(DT ) (YINRA+0 ) 
59A Y I E L D , K » T A ^ L E ( Y L D » Y F A R . K » 0 » 5 0 » 1 ) 
7A INFRA. K»IJNlTY+lNFLC 
29A INAUX.K»(YEAR.K)LOGN(INFRA.K) 
28A TNFAC,K«(UNITY)EXP(INAUX.K) 
12A STMPC.K»(INFAC.K )CSTMPI ) 
12A WOODC.K»(YIELD.K)(STMPC.K) 
12A LANDC.K«nNFAC.K)(LANDI ) 
7A ASSVC.K»LANDC .K+WOODC .K 
12A MANGC.K»(INFAC.K)(MANGI) 
7A YEAR1.K-YFAR.K+UNITY 
29A INAUX1.K«(YEARl .K)LOGN(INFRA.K) 
28A INFAC1.K«(UNITY)EXP(INAUX1.K ) 
12A TAXRC.K»(INFAC1.K) (TAXRI ) 
7A CINVF.K«(JNITY + INTRC 
?9A INAUXC.K»(YEARl.K)LOGN(CINVF.K ) 
28A INTFAC.K«(UNITY)EXP(INAUXC.K) 
20A DISEAC.K.i jNITY/INTFAC.K 
12R O I S T A X . K L « ( O I S F A C . K ) ( T A X R C . K ) 






7A P R O F . K ' A S S V C . K - I V T I V . K 
20A R A T E O . K » A S S V C . K / I V T I V . K 
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?U$ER» B 1 0 7 0 3 3 I BIN 0 2 3 9 
7C0MPILE BIN02!59/GAV DYNAMO , ? 3 s 8 0 0 0 l 2 * 0 2 5 9 vALENTE G A 
7FILE H • GAVOUT FORM BACK UP TAPE . 
? P R O C E S S » 0 0 1 5 | [ 0 » 0 0 1 5 . 
7C0MM0N" 0 0 2 5 9 1 I F I L E DYNAMO" D 0 0 2 5 9 1 I DAT A D 0 0 2 5 9 1 . 
RUN P l R l 
FOREST INVESTMENT MODEL 
RATE OF RETURN CALCULATIONS 
LAND DESCRIPTION 
SITE INDEX 30 
MANAGEMENT POLICY. NATURAL REGENERATION 
ALPHABETICAL LIST Of SYMBOLS 
a s s v c c u r r e n t v a l u e o f a s s e t s ( d o l l a r s / a c r e ) 
c i n v f c a p i t a l i n v e s t m e n t f a c t o r ( p e r c e n t ) 
d f d e l a . . . . d i s c o u n t f a c t o r d e l a y a u x i l i a r y - n e e d e d t o d e l a y 
d i s c o u n t f a c t o r one t i m e p e r i o d 
( d i m e n s i o n l e s s ) 
d f d e l r . . . . d i s c o u n t f a c t o r d f l a y r a t e • n e e d e d t o d e l a y 
d i s c o u n t f a c t o r one t i m e p e r i o d 
( d i m e n s i o n l e s s ) 
d l s f a c . . . . d i s c o u n t f a c t o r f o r c u r r e n t c a p i t a l 
( d i m e n s i o n l e s s ) 
d i s m a n , . . . d i s c o u n t e d v a l u e o f n e x t y f a r s l a n d management 
c o s t ( d o l l a r s / a c r e ) 
d l s t a x , , , . d i s c o u n t e d v a l u e o f n e x t y e a r s t a x e s 
( d o l l a r s / a c r e ) 
t n a u x a u x i l i a r y n e e d e d t o c o m p u t e i n f l a t i o n f a c t o r f o r 
c u r r e n t y e a r ( d i m e n s i o n l e s s ) 
i n a l j x c . . . . a u x i l i a r y n e e d e d t o compute i n t e r e s t f a c t o r f o r 
i d l e c a p i t a l ( d i m e n s i o n l e s s ) 
i n a i j x I . . . . a u x i l i a r y n e e d e d t o c o m p u t f i n f l a t i o n f a c t o r f o r 
c u r r e n t y e a r p l u s one ( d i m e n s i o n l e s s ) 
i n f a c i n f l a t i o n f a c t o r f o r c u r r e n t y e a r ( d i m e n s i o n l e s s ) 
i n f a c l i n f l a t i o n f a c t o r f o r c u r r f n t y e a r p l u s onf 
( d i m e n s i o n l e s s ) 
i n f l c i n f l a t i o n c o n s t a n t ( p e r c e n t ) 
i n f r a i n f l a t i o n r a t e ( p e r c e n t ) 
i n t f a c . . . . i n t e r e s t f a c t o r f o r c u r r e n t y e a r ( d i m e n s i o n l e s s ) 
i n t r c i n t e r e s t r a t e f o r i d l e c a p i t a l ( p e r c e n t ) 
i v t i v . . . . . i n i t i a l v a l u e o f t o t a l i n v e s t m e n t ( d o l l a r s / a c r e ) 
l a n d c c u r r e n t l a n d v a l u f ( d o l l a r s / a c r e ) 
l a n o i i n i t i a l l a n d c o s t ( d o l l a r s / a c r e 
m a n g c . . . . . c u r r e n t l a n d management c o s t ( d o l l a r s / a c r e ) 
mangi i n i t i a l l a n d management c o s t ( d o l l a r s / a c r e ) 
p r o f . . . . . . t o t a l p r o f i t a t end o f c u r r e n t y e a r 
( d o l l a r s / a c r e ) 
p r o f y * . . . . p r o f i t p e r y e a r ( d o l l a r s / a c r e ) 
r a t e o r a t i o o f c u r r e n t v a l u e o f a s s e t s t o i n i t i a l v a l u e 
o f t o t a l i n v e s t m e n t ( d i m e n s i o n l e s s ) 
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51A Y R A U X 1 . K » C L I P ( 0 » 1 » Y E A R . K » 1 ) 
7A YRAUX2.K»YEAR,K*YRAUX1.K 
20A YRFAC,K"UNITY/YRAUX2,K 
12A P R 0 F Y R . K » ( Y R F A C , K ) ( P R 0 F , K ) 









C I N F L C - . 0 3 5 
C TNTRC«,07 
C LANDU50 
C H A N G I - 1 . 0 0 
C SPPC»30 
C S T M P I . 7 , 5 0 
C T A X R I - 1 , 0 0 
C U N I T Y . 1 , 0 
C YINRA«1 
C Y L D * » 0 . 0 / 0 . 0 / 0 . 0 / 0 . 0 / 0 . 0 / 0 . 0 / 0 . 0 / 0 . 0 / 0 , 0 / 0 . 0 / 0 . 0 / 0 . 0 / 0 , 0 / 0 . 9 / 1 , 5 / ? 
XI • 1 / 2 . 4 / 3 . 2 / 3 . r / « . 2 / 4 . a / 5 . 3 / 6 . 0 / 6 . 6 / r . 3 / 7 , « / 8 . 5 / 9 . 0 / 9 . 6 / 1 0 . 1 / 1 0 . « / I 
)!2 1 » * / 1 2 » 1 / 1 2» 6 / 1 3 , ? / 1 3 , 6 / 1 4 . 0 / 1 4 . 6 / 1 5 , 1 / 1 5 , 7 / 1 6 , 2 / 1 6 , 6 / 1 7 , 1 / 1 7 , 5 / 1 8 
X3 . 0 / 1 8 , 5 / 1 8 . 9 / 1 9 , 4 / 1 9 , 8 / 2 0 , 2 / 2 0 . 7 
PRINT 1 ) R 0 R / 2 ) P R 0 F » P R 0 F Y R / 3 ) S T M P C »W00DC/4)LANOC/5)MANGC/6)TAXRC/7)ASSVC/ 
XI 8 ) T I V M A N / 9 ) T I V T A X / 1 0 ) I V T I V/l 1 )INFAC» INFAC1 / l 2 )INTFAC»DISFAC/1 3 >DFO 
X2 EL A 
p l o t r 0 r * r ( - 0 , 0 5 » 0 , 1 5 ) / p r 0 f « p ( 0 # 5 0 0 0 ) / p r 0 f y r " y ( 0 » 1 0 0 ) 
s p e c o t . i / l e n g t h « 5 o / p r t p e r » i / p l t p e r » i 
INPUT PHASE CONCLUDED AT 1 9 f 1 4 
GENFRATI ON PHASE BEGAN AT 1 9 1 1 6 
RUN PHASE GENERATED AT 1 9 1 1 1 6 
PRINT PHASE GENERATED AT 1 9 1 1 1 8 
PLOT PHASES GENERATED AT 1 9 f I 2 0 
ESTIMATED PRT REQUIREMENT • 3 4 3 
ELAPSED COMPILATION TIME 0 2 6 
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APPENDIX B 
SAMPLE TABULAR OUTPUT OF THE FOREST INVESTMENT MODEL 
PAGE 2 plRl STARTED PRINTING AT 19|19.5342 12 APRIL 1969 









E + 00 F + 00 E + 00 
E + 0 0 
E + 00 
E + 00 
E + 0 0 E > 0 0 F > 0 0 F>00 E>00 E + 0 0 E + 0 0 E + 00 
E + OO 
E + 00 
E + 00 
F + 0 0 









1. 000 36865 -3o« 2 
-30.217 
7.763 
0 . 00 





2.000 • < 200^6 - 3 0 . 3 
-15.154 
8 .034 
0 . 0 0 














4 . 000 • 1 0 0 1 1 -30.1 
-7 ,529 
8 . 6 0 6 
0 . 0 0 





5« 000 —, 07818 -29,8 
-5,966 
8 . 9 0 8 
0.00 





6. 000 • »06310 -29,4 
-4.903 
9 .219 
0 . 0 0 





7 » 000 • 05206 -28.9 
-4.125 
9 . 54? 
0 . 0 0 























l0» 000 • 03138 -26.5 
-2.649 
10*579 
0 , 0 0 














12.000 • 022«2 -24.2 
-2,020 
11.333 
0 , 0 0 
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1 5 . 0 0 0 0 . 0 0 4 0 8 6 . 5 
0 * 4 3 5 
1 2 . 5 6 5 
2 6 . 3 9 
8 3 . 7 7 1 . 6 7 5 3 1 . 7 3 4 0 1 1 0 . 2 1 2 . 0 0 8 1 1 . 6 1 5 1 0 3 . 6 ? 1 . 6 7 5 3 
1 . 7 3 4 0 
2 . 9 5 2 
0 . 3 3 8 7 3 
0 . 3 6 2 4 
1 4 . 0 0 0 0 . 0 0 8 7 6 1 5 . 7 
0 . 9 8 1 
1 3 * 0 0 5 
3 3 . 8 1 
8 6 . 7 o 1 . 7 3 4 0 1 . 7 9 H 7 1 2 0 . 5 1 2 . 6 1 5 1 2 . 2 0 ? 1 0 4 . 8 ? 1 . 7 3 4 0 
1 . 7 9 * 7 
3 . 1 5 9 
0 . 3 1 &57 
0 . 3 3 8 7 
1 7 . 0 0 0 0 . 0 1 3 3 7 2 6 . 8 
1 . 5 7 8 
1 3 . 4 « 0 
4 3 . 0 7 
8 9 . 7 3 1 . 7 9 4 7 1 . 8 5 7 5 1 3 2 . R 1 3 . 2 0 2 1 2 . 7 7 0 1 0 5 . 97 1 . 7 9 4 7 
1 , 8 5 7 5 
3 . 3 8 0 
0 . 2 9 5 8 6 
0 . 3 1 6 6 
1 5 . 0 0 0 0 . 0 1 6 7 5 3 7 . 3 
2 . 0 7 4 
1 3 . 9 3 1 
5 1 . 5 5 
9 2 . 8 7 1 . 8 5 7 5 1 . 9 2 2 5 1 4 4 , 4 1 3 . 7 7 0 1 3 . 3 ? 0 1 0 7 . 0 9 1 . 8 5 7 5 
1 . 9 2 2 5 
3 . 6 1 7 
0 . 2 7 6 5 1 
0 . 2 9 5 9 
1 9 . 0 0 0 0 . 0 1 * 6 9 4 8 . 5 
2 . 5 5 3 
1 4 . 4 1 9 
6 0 . 5 6 
9 6 . 1 3 1 . 9 2 2 5 1 . 9 8 9 R 1 5 6 . 7 14. 3 2 o 1 3 . 8 5 ? 1 0 8 . 1 7 1 * 9 2 2 5 
1 . 9 8 9 8 
3 . 8 7 o 
0 . 2 5 8 4 2 
0 . 2 7 6 5 
2 0 * 0 0 0 0 « o 2 2 7 i 6 1 . 9 
3 . 0 9 5 
1 4 . 9 ? 3 
7 1 . 6 3 
9 9 . 4 9 1 . 9 8 9 8 2 . 0 5 9 4 1 7 1 . 1 1 4 . 8 5 2 14. 3 6 6 1 0 9 . 9 ? 1 . 9 8 9 8 
2 . 0 5 9 4 
4 . 1 4 1 
0 . 2 4 1 5 1 
0 . 2 5 8 4 
2 i . 0 0 0 0 . 0 2 4 * 2 7 4 . 6 
3 . 5 5 3 
1 5 . 4 « 6 
8 1 . 8 6 
1 0 2 . 9 7 2 . 0 5 9 4 2 . 1 3 1 5 1 8 4 . 8 1 5 . 3 6 6 1 4 . 8 6 3 1 1 0 « ? 3 2 . 0 5 9 0 
2 . 1 3 1 5 
4 . 4 3 0 
0 . 2 2 5 7 1 
0 . 2 4 1 5 
2 2 . 0 0 0 0 . 0 2 7 6 2 9 1 * 3 
4 . 1 4 9 
1 5 . 9 8 6 
9 5 . 9 2 
1 0 6 « 5 8 2 . 1 3 1 5 2 . 2 0 6 1 2 0 2 . 5 1 5 . 8 6 3 1 5 . 3 4 4 1 1 1 • ? 1 2 . 1 3 1 5 
2 , 2 0 6 1 
4 . 7 4 1 
0 . 2 1 0 9 5 
0 . 2 2 5 7 
2 3 . O 0 0 0 . 0 2 9 6 3 1 0 7 . 4 
4 . 6 6 8 
1 6 . 5 4 6 
1 0 9 . 2 0 
1 1 0 . 3 1 2 . 2 0 6 1 2 . 2 8 3 3 2 1 9 . 5 1 6 . 3 4 4 1 5 . 8 l o 1 1 2 . 15 2 . 2 0 6 1 
2 . 2 8 3 3 
5 . 0 7 2 
0 . 1 9 7 1 5 
0 . 2 1 0 9 
2 4 . 0 0 0 0 . 0 3 1 7 1 1 2 6 . 1 
5 . 2 5 5 
1 7 . 1 2 5 
1 2 5 . 0 1 
1 1 « . 1 7 2 . 2 8 3 3 2 . 3 6 3 2 2 3 9 . ? 1 6 . 8 1 0 1 6 . 2 6 0 1 1 3 . 0 7 2 . 2 8 3 3 
2 , 3 6 3 2 
5 . 4 2 7 
0 . 1 8 4 2 5 
0 . 1 9 7 1 
2 5 . 0 0 0 0 . 0 3 2 » 7 1 4 2 . 5 
5 . 6 9 8 
1 7 . 7 2 4 
1 3 8 . 2 5 
U 8 * 1 6 2 . 3 6 3 2 2 . 4 4 6 o 2 5 6.4 1 7 . 2 6 0 1 6 . 6 9 5 1 1 3 . 9 6 2 . 3 6 3 ? 
2 . 4 4 6 0 
5 . 8 0 7 
0 . 1 7 2 2 0 
0 . 1 8 4 2 
2 6 . 0 0 0 0« 0 3 4 6 3 1 6 3 . 4 
6 . 2 8 5 
1 8 . 3 4 5 
1 5 5 . 9 3 
1 2 2 . 3 0 2 . 4 4 6 o 2 . 5 3 1 6 2 7 8 . 2 1 7 . 6 9 5 1 7 . 1 1 6 1 1 4 . 8 1 2 . 4 4 6 o 
2 . 5 3 1 6 
6. 2 1 4 
0 . 1 6 0 9 3 
0 . 1 7 ? 2 
2 7 . 0 0 0 0 . 0 3 5 6 i I 8 1 . 8 
6 . 7 3 4 
1 8 . 9 8 7 
1 7 0 . 8 8 
1 ? 6 . 5 8 2 . 5 3 1 6 2 . 6 2 0 2 2 9 7 . 5 1 8 . 1 1 6 1 7 . 5 ? 4 1 1 5 . 6 « 2 . 5 3 1 6 
2 . 6 2 0 2 
6 . 6 4 9 
0 . 1 5 0 4 0 
0 . 1 6 0 9 
2 8 . 0 0 0 0 * 0 3 6 7 3 2 0 3 . 2 
7 . 2 5 8 
1 9 . 6 5 1 
1 8 8 . 6 5 
1 3 L 0 1 2 . 6 2 0 2 2 . 7 1 1 9 3 1 9 . 7 1 8 . 5 2 4 1 7 . 9 1 8 1 1 6 , 4 4 2 . 6 2 0 2 
2 . 7 1 1 9 
7 . 1 1 4 
0 . 1 4 0 5 6 
0* 1 5 0 4 
2 9 . 0 0 0 0 . 0 3 7 5 i 2 2 3 . 8 
7 , 7 1 7 
2 0 * 3 3 9 
2 0 5 . 4 2 
1 3 5 . 5 9 2 . 7 H 9 2 . 8 0 6 8 3 4 1 . 0 1 8 . 9 1 8 1 8 . 2 9 9 1 1 7 . ? 2 2 . 7 U 9 
2 . 8 0 6 8 
7 . 6 1 2 
0 . 1 3 1 3 7 
0 . 1 4 0 6 
3 o » 0 0 0 0 * 0 3 8 6 2 2 4 9 . 7 
8 , 3 2 4 
2 1 * 0 5 1 
2 2 7 . 3 5 
1 4 0 . 34 2 . 8 o 6 8 2 . 9 Q 5 0 3 6 7 . 7 1 9 . 2 9 9 1 8 . 6 6 8 1 1 7 . 9 7 2 . 8 0 6 8 
2 . 9 0 5 0 
8 . 1 4 5 
0 . 1 2 2 7 7 
0 * 1 3 1 4 
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3 l * 0 0 0 o. 0 3 ' « 3 2 7 4 . 9 
8 . 8 6 9 
2 1 . 7 8 8 
2 4 8 . 3 8 
1 4 5 , 2 5 2 . 9 0 5 o 3 . 0 0 6 7 3 9 3 . 6 1 9 , 6 6 8 1 9 . 0 2 4 1 1 8 . 6 9 2 . 9 0 5 0 
3 , 0 0 6 7 
8 . 7 1 5 
0 , 1 1 4 7 4 
0 . 1 2 2 8 
3 ? . 0 0 0 0 . 0 4 0 3 4 3 0 3 . 8 
9 . 4 9 4 
2 2 . 5 5 0 
2 7 2 s 8 6 
1 5 0 . 3 4 3 . 0 0 6 7 3 . 1 1 1 9 4 2 3 . 2 2 0 * 0 2 4 1 9 , 3 6 9 1 1 9 . 3 9 3 , 0 0 6 7 
3 . 1 1 1 9 
9 . 3 2 5 
0 , 1 0 7 2 3 
0 . 1 1 4 7 
3 3 . 0 0 0 o. 04 0 8 2 3 2 9 . 6 
9 . 9 8 8 
2 3 . 3 4 0 
2 9 4 . 0 8 
1 5 5 , 6 0 3 . 1 1 1 9 3 . 2 2 0 9 4 4 9 . 7 2 0 . 3 6 9 1 9 . 7 0 3 1 2 0 . 0 7 3 . 1 1 1 9 
3 , 2 2 0 9 
9 , 9 7 8 
0 , 1 0 0 2 2 
0 . 1 0 7 2 
3 4 . 0 0 0 0 , 0 4 1 4 2 3 5 9 . 2 
1 0 . 5 6 4 
2 4 . 1 5 6 
3 1 8 . 8 7 
1 6 1 , 0 4 3 . 2 2 0 9 3 . 3 3 3 6 4 7 9 , 9 2 0 . 7 0 3 2 0 . 0 2 6 1 2 0 , 7 3 3 , 2 2 0 9 
3 . 3 3 3 6 
1 0 , 6 7 7 
0 , 0 9 3 6 6 
0 . 1 0 0 2 
3 5 . 0 0 0 0 . 0 4 1 6 8 3 8 5 . 3 
1 1 . 0 1 0 
2 5 . 0 0 2 
3 4 0 . 0 3 
1 6 6 . 6 8 3 . 3 3 3 6 3 . 4 5 0 3 5 0 6 . 7 2 1 . 0 2 6 2 0 . 3 3 8 1 2 1 . 3 6 3 . 3 3 3 6 
3 . 4 5 0 3 
1 1 . 4 2 4 
0 , 0 8 7 5 4 
0 . 0 9 3 7 
3 6 . 0 0 0 0 . 0 4 l 9 i 4 1 2 . 8 
1 1 . 4 6 7 
2 5 . 8 7 7 
3 6 2 . 2 8 
1 7 2 . 5 1 3 . 4 5 0 3 3 . 5 7 i o 5 3 4 . 8 2 1 . 3 3 8 2 0 . 6 4 0 1 2 1 . 9 8 3 . 4 5 0 3 
3 . 5 7 1 0 
1 2 . 2 2 4 
0 . 0 8 1 8 1 
0 . 0 8 7 5 
3 7 . 0 0 0 o. 0 4 2 3 9 4 4 7 . 0 
1 2 . 0 8 1 
2 6 . 7 8 3 
3 9 1 . 0 3 
1 7 8 . 5 5 3 . 5 7 1 0 3 . 6 9 6 Q 5 6 9 , 6 2 1 . 6 4 0 2 0 . 9 3 ? 1 2 2 . 5 7 3 . 5 7 1 0 
3 . 6 9 6 0 
1 3 . 0 7 9 
0 . 0 7 6 4 6 
0 . 0 & 1 8 
3 8 • 0 0 0 0< 04 2 7 1 4 8 0 . 2 
1 2 . 6 3 8 
2 7 . 7 2 0 
4 1 8 . 5 7 
1 8 4 . 8 o 3 . 6 9 6 0 3 . 8 2 5 4 6 0 3 . 4 2 1 . 9 3 2 2 1 . 2 1 5 1 2 3 . 1 5 3 . 6 9 6 0 
3 . 8 2 5 4 
1 3 . 9 9 5 
0 . 0 7 1 4 6 
0 . 0 7 6 5 
3 9 . 0 0 0 0 0 4 3 1 1 5 1 8 . 0 
1 3 . 2 8 2 
2 8 . 6 9 0 
4 5 0 . 4 4 
1 9 1 . 2 7 3 . 8 2 5 4 3 . 9 5 9 3 6 4 1 , 7 2 2 . 2 1 5 2 1 . 4 8 8 l ? 3 . 7 o 3 . 8 2 5 4 
3 . 9 5 9 3 
1 4 . 9 7 4 
0 . 0 6 6 7 8 
0 . 0 M 5 
4o» 0 0 0 0« 0 4 3 3 7 5 5 4 . 8 
1 3 . 8 6 9 
2 9 . 6 9 4 
4 8 1 . 0 5 
1 9 7 . 9 6 3 . 9 5 9 3 4. 0 9 7 8 6 7 9 , 0 2 2 . 4 8 8 2 1 . 7 5 3 1 2 4 . 2 4 3 . 9 5 9 3 
4 , 0 9 7 8 
1 6 . 0 2 3 
0 . 0 6 2 4 1 
0 . 0 6 6 8 
4 l . 0 0 0 0« 04 3 5 o 5 9 0 . 3 
1 4 . 3 9 8 
3 0 * ^ 3 4 
5 1 0 . 1 8 
2 0 4 . 8 9 4. 0 9 7 8 4 . 2 4 1 3 7 1 5 . 1 2 2 . 7 5 3 2 2 . 0 0 8 1 ? 4 . 7 6 4 . 0 9 7 8 
4 . 2 4 1 3 
1 7 . 1 4 4 
0 . 0 5 8 3 3 
0 . 0 6 2 4 
4 ? . 0 0 0 0« 04 37 3 6 3 0 » r 
1 5 . 0 1 8 
3 1 . 8 o 9 
5 4 3 . 9 4 
2 1 2 . 0 6 4 . 2 4 1 3 4 . 3 8 9 7 7 5 6 . 0 2 3 . 0 0 8 2 2 . 2 5 6 1 2 5 . ? 6 4 . 2 4 1 3 
4 , 3 8 9 7 
1 8 . 3 4 4 
0 . 0 5 4 5 1 
0 . 0 5 8 3 
4 3 * 0 0 0 0« 0 4 3 * 4 6 6 9 . 9 
1 5 . 5 7 9 
3 2 * 9 2 3 
5 7 6 . 1 5 
2 1 9 . 4 9 4. 3 8 9 7 4 . 5 4 3 3 7 9 5 . 6 2 3 . 2 5 6 2 2 * 4 9 5 1 2 5 . 7 5 4 . 3 8 9 7 
4 . 5 4 3 3 
1 9 . 6 2 8 
0 . 0 5 0 9 5 
0 . 0 5 4 5 
4 4 . 0 0 0 0« 0 4 4 03 7 1 4 . 3 
1 6 . 2 3 4 
3 4 . 0 7 5 
6 1 3 . 3 5 
2 2 7 . 1 7 4 . 5 4 3 3 4 . 7 0 2 4 8 4 0 . 5 2 3 . 4 9 5 2 2 . 7 2 7 1 2 6 . ? 2 4 . 5 4 3 3 
4 . 7 0 2 4 
2 1 . 0 0 2 
0 , 0 4 7 6 1 
0 . 05 09 
4 5 . 0 0 0 0« 0 4 4 2 1 7 6 0 . 9 
1 6 . 9 0 9 
3 5 . 2 6 8 
6 5 2 . 4 5 
2 3 5 . 1 2 4 . 7 0 2 4 4 . 8 6 6 9 8 8 7 . 6 2 3 * ^ 2 7 2 2 * 9 5 1 1 2 6 . 6 8 4 . 7 0 2 4 
4 . 8 6 6 9 
2 2 . 4 7 3 
0 . 0 4 4 5 0 
0 . 0 4 7 6 
4 6 . 0 0 0 0* 0 4 4 2 9 8 0 6 . 1 
1 7 . 5 2 4 
3 6 . 5 0 2 
6 8 9 , 8 9 
24 3 . 3 5 4 . 8 6 6 9 5 . 0 3 7 3 9 3 3 . 2 2 3 . 9 5 1 2 3 . 1 6 7 1 2 7 . 1 2 4 . 8 6 6 9 
5 , 0 3 7 3 
2 4 . 0 4 6 
0 , 0 4 1 5 9 
0 . 0 4 4 5 
to 
-F 
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o f d e l a 
4 7 . 0 0 0 0* 0 4 4 4 5 8 5 7 . 2 
1 8 . 2 3 9 
3 7 . 7 8 0 
7 3 2 . 9 2 
2 5 1 . 8 6 5 . 0 3 7 3 5 . 2 1 3 6 9 8 4 . 8 2 4 . 1 6 7 2 3 . 3 7 7 1 2 7 . 5 4 5 . 0 3 7 3 
5 . 2 1 3 6 
2 5 . 7 2 9 
0 . 0 3 8 8 7 
0 . 0 4 1 6 
4 » » 0 0 0 0* 0 4 4 5 1 9 0 6 . 9 
1 8 . 8 9 5 
3 9 . 1 0 2 
7 7 4 . 2 2 
2 6 0 * 6 8 5 . 2 1 3 6 5 . 3 9 6 1 1 0 3 4 . 9 2 4 . 3 7 7 2 3 . 5 7 9 1 2 7 . 9 6 5 . 2 1 3 6 
5 . 3 9 6 1 
2 7 . 5 3 0 
0 . 0 3 6 3 2 
0 . 0 3 8 9 
4 9 * 0 0 0 0* 0 4 4 5 7 9 5 9 . o 
1 9 . 5 7 0 
4 0 « 4 7 o 
8 1 7 . 5 0 
2 6 9 . 8 0 5 . 3 9 6 1 5 . 5 8 4 9 1 0 8 7 . 3 2 4 * 5 7 9 2 3 . 7 7 5 1 2 8 * 35 5 . 3 9 6 1 
5 . 5 8 4 9 
2 9 . 4 5 7 
0 . 0 3 3 9 5 
0 . 0 3 6 3 
5 0 * 0 0 0 0* 0 4 4 7 q 1 0 1 7 . 6 
2 0 . 3 5 1 
4 1 . 8 8 7 
8 6 7 . 0 6 
2 7 9 . 2 5 5 . 5 8 4 9 5 . 7 8 Q 4 1 1 4 6 . 3 2 4 . 7 7 5 2 3 . 9 6 5 1 2 8 . 7 4 5 . 5 8 4 9 
5 . 7 8 0 4 
3 1 . 5 1 9 
0 . 0 3 1 7 3 
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CUTTING SEQUENCE DATA 
First Figure: Rate of Return if Cut in Current Year 
Second Figure: Change in Rate of Return if Let Grow 
for One More Year 
PLANTATION LAND NATURAL REGENERATION 
Age SI 30 SI 40 SI 50 SI 60 SI 70 SI 30 SI 40 SI 50 SI 60 SI 70 
















































































































































































































































































































































































































CUTTING SEQUENCE DATA (Continued) 
PLANTATION LAND NATURAL REGENERATION 
Age SI 30 SI 40 SI 50 SI 60 SI 70 SI 30 SI 40 SI 50 SI 60 SI 70 
















































































































































































































































































































































































































THE FOREST MANAGEMENT MODEL 
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b e g i n 
f i l e i n g a v c r u r ? . i n ) j 
M L E IN GAVTN 2 M G A v S M » T A P E " ( 2 . 5 6 . I n ) I 
F R F OUT G A v n U T 1 6 ( ? , 1 S ) J 
************************************************ 
* c o n c e p t o r t h f m u d f l 
* t h i s m o o f L s i m u l a t e s t h e p u i . p w o n n 
* FnWEST R E S O U R C E S OF A T Y P I C A L P U L P - P R O O U C T NG 
* CpMPAMY, THF MOnFL D I S T I N G U I S H E S R E T , ! i E E N 
% P | A N i A T l U i » Amp NATURAl GROWTH LANn Amh 
* R f C O G M I Z E * D T F E F r F N C E S IN GROWTH AND v I E I . n 
* OlIE Tn S I t E U-DEY ANO AGE 11F S T A N D . 
* «; I T E I N D I C E S I N C l U D E U IN THE MUDFL APF 
* 3 p » 4 n » 5 n » * o » AND ? n « ( 2 5 YEA'7 H A S T S ) 
* «;TANn A G F S CONSIDERED ARF 0 THROUGH n) 
* WhLPF S T U M P a A f 4 1 Y L A P S p i o r f p r e s e n t s 
* m a U i r f w n r i D . t h a t i s , w o o d u i h f a p p r o p r i -
* A t £ S T TE TNDEY AMI) S T A T U S ( P L A N T A T I O N OR 
* NATURAL) THAT I S 4 l Y E A R S 0 1 0 OR G R E A T E R . IT 
* I S A S s i J M F n THAT ALL. STANDS ARE EVFN AGED AMD 
* P a R AMTTE R < ; F n p AftE *» 1 REPRESENT AVERAGES FDR 
* W n OD TN ThE MaTURF C A T E G O R Y , 
* 
I B * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* D E F I N I T I O N DF TIME S L J R S C R l p T S 
% 
* S u b s c r i p t n r F i M U n N 
% 
* J VAt I t : AT THF PRE'VIHIIS POINT IN 
* TIME 
* K VALUt" AT THF PRESENT POT NT TN 
* T I MF 
* L . , , , VA| l i t AT THE NEXT P r T N T IN 
*> TIME 
* J K VALUE DURING THF I Ni ERVAL FROM 
* j i n k 
* K|. VA| UE DURTMG THf INTERVAL E r o M 
* K i n L 
A 
* THE TTME TNTFRVAI USED IK THF MODEL TS 
* ONE Y r A R . THF MnDEL TS RUN FnR A PERTOD PF 
* (JME HHMDRFD Y p A R S . 
* 
* n o t E i v a l u e s d u r i n g a n i n t f r v a i o f 
* t t ^ e a r e r e f e r e n c e d t n t h e 
* PFGINNTNG OF ThE I N T E R V A L . 
* FnP e x a m p l f . a v a l u e f o r t h e 
% I MT E R V a L FROM TIME 5 Tn T l M p 
X 6 I S S U B S C R I P T E D 5 . 
* 
i i * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* D E F I N I T I O N OF V A R I A B L E SYMROLS 
* 
* LEMGTH TOTAL IENGTH OF T Hp S I M U L A T I O N 
* ( Y E A R S ) 
i 
* DT INTERVAL P-FTWEFN COMPUTATIONS 
» ( Y E A w s ) 
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% 
* DEmCPn DFmANH c o n s t a n t 
* CrnprK/YFAR) 
i 
% DEmRAMTK] OFMANP RAMP INCREASE 
* CrnRDc/YEAr?) 
% 
* COMCON1 CPmTRPL CONSTANT ONE 
* fDIMFMSTHNLESS) 
% 
* DEMAND r K ] DFmANP FUR PULPWOOD FOP THF NEVT 
* YEAR A1 TIMF K 
X (CPROS/YFAR) * 
* AVpEMfwi a v f r a g f demand f o r pulpwgoh at 
* TIMF K (AVERAGE nEMAMn HyFR ThE 
* MOST RECFNT FIVE YE A p PFPIOD) 
* (CPROS/YEAR) 
i 
% A X f j C C m ACRFS DF SITE INDEV XO NATURAL 
* I ANp CLEAR CUT At HmE k (CUT 
* OURT^G TME JK INTERVAL) 
* (ACRFS) 
* WHEPE1 
* VO IS 30i < 0 . 50i 60 , 
* OR 70 
* 
* AXwSC[*1 ACRES OF STTF INDEX XO NATURAL 
* I ANp SfcU'CTTvE CliT AT TTmF K 
* (CUT DURING THE JK INTERVAL) 
* (ACRFS) 
* WHEPEJ 
* YO IS 30, 40 . S O . 60 , 
A 09 70 
t> 
* A X p C c m ACpES OF STTF INDEX XO PLANTATION 
* IANn CLEAR CUT At TTmE k (CUT 
* nUPTNG TME JK INTERVAL) 
% (ACRFS) 
* WhEpE: 
* YO IS 30, 40 , «30. 60 , 
* OR 7 0 
% 
* A X p S C m ACPFS f)F STTF INDF V XO PL A^TAT J pN 
* I ANp SLLFCTTvE CilT At TTmF. K 
* ( c u t dur tng the j k i n t e r v a l ) 
* ( a C r f s ) 
'» WHEPEl 
* VO IS 30, 40 , 50 . 60 , 
* PR 7 0 
* AC| XpfKI ACRES IF C| E A R F 0 I AND pF STTE 
* T NPFY XO TO pE PiANTFO H ' 
* PLAMTAUnN STATUS AT SOmf TIr'F 
* TN THE FiiTURF AT T I ^ f K 
* (ACRFS) 
* WHERE I 
* VO IS 30, 40, 50 , 60 , 
* OR 70 
% 
* AXk-[K,7] ACRES OF LAND PF SjTE INDE Y XO T N 
A MATiiRAL STATUS I YEARS OLD AT 
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* TIME K 
* fACRFS) 
X WHEpEi 
* YO IS 30, AO, 50 , 60 , 
* OR 70 
* 7 i s o th rough <m 
* A X p t K , 7 ] ACpFS OF LAND nF StTE TNDE* XO T N 
* pLAMTAlInN STATUS Z yFAr? OLD 
* AT TIME K 
* (ACRFS) 
* WHFpEt 
* YO IS 30, 40 , 50 , 60 , 
* C1R 70 
* 7 i s o th rough 'n 
x y x n i Z ] y t f l d nF l and of s t t f tndfy xo tn 
X mATiiRAL STATUS Z YEARS DID 
* (CORDS/ACRE* 
* WHERE I 
* YO IS 30, 40 , 50 . 60 , 
* OR 70 
* 7 IS o through At 
x 
% y x p c Z ] y i f l d nF l and nF s i t e tndey xo tn 
* PLAwTATTnN STATUS Z YEARS OLD 
* (CnRDS/ACRF) 
X WHErEi 
X YO TS 30, 40 , 50 , 60 , 
X PR 70 
x 7 i s o through <m 
% 
* SCcXN SFl e 3 t i v l c u t t i n g c o e f f i c t f n t FOR 
* SITF INOFX XO NATURAl LA~D 
X (PERCENT CUT REFlECTTNG SFLFCT" 
* TVE CUTTTNG POLICY) 
X (PERCENT OF CORDS) 
* WHERE! 
* YO IS 30, 40 , 50 , 60 , 
i OR 70 
* 
* SCfXP SEIECTIVE CUTTTNG COEFFICTFNT FOR 
* SITF INOFX XO PLANTATION LAND 
I (PERCENT CUT REFLECTING SELECT" 
* TVE CUTTTNG POLICY) 
* (PERCENT OF COROS) 
X WHFpFt 
* YO IS 30, 40 , 50 , 60 . 
% OR 70 
& 
* PCyNC[k ' ,Z] POTENTIAL fORDS IF ALL ACRFS IN 
X SITF INOFX XO MATURA| STATUS 7 
* YFApS OLD WEPE Cl.EAR CUT AT 
3 T I M F K 
* (CORDS) 
51 WHERE« 
X YO IS 30, 40 , 50 , 60 , 
% OR 7 0 
s» 7 IS 0 THROUGH 41 
X 
K P C y N S C K . Z J PnTFNTlAL CORDS IF ALL ACRES IN 
S l SITE INDFX Xo NATURAL STATUS 7 
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* YF.ARS ULD WERE S E L E C T I V E CUT AT 
X T T M F K 
* ( C O R D S ) 
* WHERE* 
* YO I S 3 0 , 4 0 , 5 0 , 6 0 , 
X OR 70 
* 7 I S 0 THROUGH 4 1 
X 
* P C y P C [ K » Z ] POTENTIAL CORDS IE ALL A C R E S IN 
* S T T F INOFX XO PLANTATION S T A T U S 
X 7 Y f A R S p L P WERE CLEAR CUT AT 
X TIME H 
* ( C O R P S ) 
X WHEpEl 
X YO I S 3 0 , 4 0 , 5 0 , 6 0 , 
X PR 7 0 
X 7 I S 0 THROUGH 4 1 
% 
X P C v P S [ K , Z ] POTENTIAL f 0 R D S I F ALL A C R F S I N 
X S I T F INDEX XO PLANTATION S T A T U S 
X 7 Y F A R S n L P WERE S E L F C T T V E CUT 
X AT T l ^ E K 
* ( C O R P S ) 
* WHERE 5 
* VO I S 3 0 , 4 0 , 5 0 , 6 0 , 
X OR 7 0 
* 7 I S 0 THROUGH 4 1 
X 
* T C s I K ] TOTAL CORDS ON THE STUMP AT TIME 
X y (TDTAL CORPS I f a l i AcPES 
X W F R F CLEAR C U T ) 
X ( C O R D S ) 
X 
X P X „ : L C [ K ] PFPCEMT UF S I T E INDEX y 0 NATURAL 
X I ANn TO pE HARVESTED IN THE. 
* NEXT TIME INTERVAL CK TO L> 
* w h i c h i s t p r e c l e a r c u t 
* (PERCENT OF A C R E S ) 
X WHEpEi 
* vO I S 3 0 , 4 0 , 5 0 , 6 0 , 
X PR 7 0 
X 
X P X N L S m PERCENT UF S I T F IMpEX y o NATURAI 
X I ANn TO pE HARVESTEP IN THE 
X KiFXT TIMF INTERVAL (K Tp L ) 
* WHICH I S TO PE S E L E C T I V E CUT 
* (PERCENT OF A C R F S ) 
X WHEpEt 
* YO I S 3 0 , 4 0 , 5 0 , 6 0 , 
* PR 7 0 
t> 
X P X p L C T K ] PERCENT OF S I T E INpEX y o 
% pLAMTATTpN LAND TO BE HARVESTED 
X T N THE NF XT TIME INTFRVAL <K TO 
* I ) WHICH I S TO RF CLFAR CUT 
X ( p E p C E N T OF A C R E S ) 
X WHERE' 
* VO I S 3 0 , 4 0 , 5 0 , 6 0 , 
% PR 7 0 
% 
* P X p L S C C ] PERCENT UF S I T E INpEX V0 




























































TN THE NEXT TIME INTERVAI ( K TO 
I ) WHICH I S TO B F S E L E C T I V E CUT 
(PERCENT OF A C R E S ) 
WHEpEt 
VO I S 3 0 , 4 0 , 5 0 , 6 0 , 
OR 7 0 
V A o l A B i ES TN THE CUTTING SFQUENCE 
NPTE» THE CUTTING SEQUENCE C O N S I S T S OF 3 0 1 
P | OCKS OF LAND ARRANGFD I N A UNIQUE 
S r O u F N C E . EACH BLOCK R E P R E S E N T S 
A f E R A G E T N A P A R T I C U L A R STTE TNDEx 
AMO S T A T U S (NATURAL OR P L A N T A T I O N ) 
amd o f a p a r t i c u l a r a c . e . t h e 
S f Q u f m C E i s b a s e d o n r a t e - o f - r e t u r n 
c o n s i d e r a t i o n s a n d i s d e t f r m t n e d p y 
t v j e f o r e s t i n v e s t m e n t m o d f l 
a s u b s c r i p t f d r s e q u e n c e 
WHEpE » 
A « l , ? » . . . • 3 0 1 
s i r a i 
P O p N [ A t 
A G p [ A 1 
P CIIT t K , A ] 
C R f M [ K . A ] 
S I T E TNDEX OF LAND IN BLOCK A OF 
THE CUTTTNG SEQUENCE 
WHERE » 
M I A ] I S 3 , A , 5 , 6 , 
OR 7 
S T A T U S OK LAND IN RLOCk A OF THE 
CUTTING SEQUENCE 
A H F r E » 
P O R N I A ] = 0 R E P R E S E N T S 
NATURAL LAND 
P O R N [ A ] s i R E P R E S E N T S 
PLANTATION LAND 
A Gf Of LANO IN BLOCK A OF THE 
CUTTING SEQUENCE 
WHERE » 
A GE t A ] I S 0 THRnMGH H\ 
POTENTIAL r O R D S CUT I F THE ENTIRE 
A c E p A G E IN THE B | O C K UNoFR 
r O N s l D E - R A T l O N I S CUT ACCORDING 
TO THE CURRENT CUTTING P O L I C Y 
AT TI ME K 
( C O R D S ) 
WHEpEl 
a i s o t h r o u g h 3 0 1 
CORDS REMAINING TO BE CUT DURING 
TH*" k , E X T TImF INTERVAL. (K TO 1 . ) 
TF ALL A c E R A G E I n THE BLOCK 
IINDfR C O N S I D E R A T I O N TS CUT 
ACCORDING TO THE CURRENT 
CUTTING P O L I C Y 
( C O R D S ) 
WHEPEl 




X CCvNSOrK .D-i COpDS TO CUT FROM SITE TNOFX X o 
X MATtiRAL LAND D YEARS n|_o TO 
X SATTSFY THE REMAINING DEMAND 
* EflR WOOD DURING T ^ E wpXy T I M f 
* TNTFPVAL (K TO L) 
X ( C O R P S ) 
X WHERE* 
X y0 IS 30, 40 , 50# 60 , 
X OR 70 
X p TS 0 THROUGH 41 
» 
X CCYPSOrK'D-i CORDS TO CUT FROM SITE INOFX XQ 
X PLANTATION LAND P YEARS PLD TD 
X SATTSFY THE REMAINING DEMAND 
* rnR W O O D DURING T H E * > E X t TIMf 
X TNTFRVAL (K TO L) 
X (CORPS) 
X WHERE* 
X YO IS 30, 40 , 50 , 60 , 
X OR TO 
X P I S 0 THROUGH 41 
* 
X C X w [ K L , 7 ] CLFAR CUTTING RATE FOR SITE INPFX 
X yO m A T U R A L LAND 7 YEARS OLD F O R 
* THE NEXT TIME INTERVAL (* TO L> 
X (ACRES/YFftR) 
X W H E p E i 
X y0 IS 30, 40 , 5 0 , 60 , 
X PR 70 
X 7 I S 0 THROUGH 41 
X 
X S X m [ K L , Z J S F i F C T l V L CUTTING RATE FOR SITE 
X TNOFX XO NATURAL LANn Z YEARS 
X OLD FOR THE H'EXT T Im f INTERVAL 
» (K TO L) 
X ( A C R E S / Y E A R ) 
X WHERE* 
X V 0 IS 30, 40 , 50 , 60 , 
* OR 7() 
* 7 IS 0 THROUGH 41 
X 
X C X P I K I , 7 3 CLFAR CUTTING PATE FOR SITF I N P F X 
x y o pi a n t a t i o n l a n d z y e a r s o l d 
X FOR THE ivEXT TIMf INTERVAL 
* (K TO L ) 
X (ACRES/YEAR) 
X W H E p E I 
X yO IS 30, 40 , 50# 60 , 
X OR 7C 
% 7 IS 0 THROUGH 41 
X 
X S X p l K L ' 7 3 SFlECTTVt CUTTING PATE FOR SITE 
X JNDFX XO PLANTATION LAND Z 
X YEARS OLD FOR THt NEXT TIME 
X TNTFPVAL (K TO L) 
X ( A C R E S / Y E A R ) 
X WHERE* 
X YO IS 30, 40 , 50 , 60 , 
X OR To 
* 7 I S 0 THROUGH 41 
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t 
% CCuT t K 1 COpDS CUT DURING ThE NFXT TIME 
* TNTFRVAL ( K TO L ) 
* ( C O R D S ) 
X 
* ACiiT C K i A C R E S CUT DURING THE NFXT TIME 
* TNTFPVAL ( K TO L ) 
* ( A C R E S ) 
X 
X C P A l K l CPROS CUT PER ACRE DURING THE 
X K'FXT TIMF INTERVAL Ck TH L ) 
x ( c o r d s / a c r e ) 
X 
X U S o t M U N S A T I S F I E D DEMAND DURTNG THE 
X NEXT TIME INTERVAL ( K Tn L ) 
* ( C O R D S ) 
X 
X P R y O [ K L 1 PLANTING RATE ( P L A N T A T I O N LAND) 
* FOR S I T E INDEX Xo LAND FDR THF 
* NEXT TIMF INTERVAL (K To L ) 
X ( A C R F S / Y E A R ) 
X WHERE* 
X YO I S 3 0 . 4 0 . 5 0 . 6 0 , 
X OR TO 
X 
X G X w C K L . Z ] GRnWTH RATF FOR S I T E INDEX XO 
* NATURAL I AND Z Y E A R S OLD 
X FOP THE NEXT TIMF INTERVAL 
X ( K TO D 
X ( A C R E S / Y E A R ) 
* WHFpEI 
* YO I S 3 0 , A O . 5 0 . 6 0 , 
X OR ro 
X 7 I S 0 THROUGH 4 1 
X 
* G X P I K L . 7 3 GROWTH RATF FOR S I T E INDEX XO 
% D L A N T A T l n N LAND 7 Y E A R S 0 L & 
* FOR THE NEXT TIME INTERVAL 
* ( K TO L ) 
* ( A C R F s / Y F A q ) 
% WHEpE» 
* YO I S 3 0 , 4 0 , 5 0 , 6 0 , 
X OR 7 0 
x 7 i s o t h r o u g h A t 
)i+ + * + + *-k***+**++++++i, + + + + * + + + + **+*+++* + * + + *+* + + i,i,% 
x 
I n t e g e r t i m e x , . i » k m , j k , k l , 7 , c o n c o n i , d t , l e n g t h , i t 
« F A L D F M C t l N , S C r 3 N , s C C 4 N . S C C 5 N , S C C 6 N , S C C 7 N , S C C 3 P , 
S c C 4 P , S C C « i P , S C C 6 » » , S C C 7 P > 
^NTEgER 
ARRAY S I , P O R N # A G F C 0 I 3 0 1 1 ' 
REAL 
ARRAY n E M R A M # D F M A N O » A V D E M » T C S r O M O O ] I 
HE AI 
A R R A y a 3 N C c , A A n C C , « 5 N C C « A 6 M C C # A 7 N C C ( 0 » 1 0 0 ] t 
h e a l 
a r r a y a 3 n s c , A 4 n S c , a 5 N s c » A 6 n s c , a 7 n s c c o m o O ] i 
n f a l 
A r r a y a 3 P C c , A 4 p C C a 5 P C C » A 6 P C C , A 7 P C c ( 0 « 1 0 0 1 t 
R F A l 
ARRAY A 3 P S r , A A p S C , A 5 P S C # A 6 P S C # A 7 P S C ( 0 l l 0 0 ] J 
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REAL 
a r r a y a C L 3 p # a c i 4 p , a c l « > p # a c i 6 P # a c l 7 p [ o « i o o i ) 
REAL 
ARRAY a 3 N « A 4 N # a * N # A 6 N , A 7 N t O H O P # O I $ 0 ) f 
« E A l 
a r r a y a 3 P # a 4 P # a 5 P # a 6 P . A 7 P [ o M o o # o * « 5 0 ) i 
REAL 
a r r a y y 3 n # y 4 N # y 5 n » y 6 N » Y 7 N [ M , 5 0 ] t 
REAl 
ARRAY Y 3 P , Y 4 P # Y 5 P , Y 6 P # Y 7 P t O * 5 0 J * 
A r r a y p C 3 N r , P C a N C # p C 5 N C # P C * N C # P C 7 N C c o i i o o # c i 5 o j i 
REAl 
a r r a y p C 3 n s , p c 4 N s , p c 5 n s » p c * n s # p C 7 N s C 0 m o o . o i 5 0 ] i 
REAl 
a r r a y p C 3 p c , p c < i P c # p C 5 p c # p c # p c # p c 7 P c c o m o o . o i s o ] J 
REAL 
ARRAY p C 3 P S , P C * | P S » P C 5 P S # P C f P S # P C 7 P S C 0 I 1 0 0 , C 1 5 0 ] I 
REAL 
A r r a y p 3 N L r . P 4 w L C # P 5 N L C # P 6 * ' L C » P 7 f c L c r 0 l 1 OOl / 
REAl 
A r r a y P 3 N L S , P 4 M L S , P 5 N L 5 » P 6 K ' L S . r 7 N L S t 0 M O 0 l ; 
REAl 
A r r a y p 3 P L r # P 4 p L C # P 5 P l C # P A P L C # P 7 P L f [ O M O O l * 
REAl 
ARRAY P 3 P L * # P 4 P L S , P 5 P I S , P 6 P U S , P 7 P L S I 0 i 1 0 0 1 j 
REAl 
ARRAY PCHT#CpEMrol lOC<»Ol30n * 
REAl, 
a r r a y c c * N S D , c c « w S O , c c 5 N s D # c c 6 N S D # c c 7 N S n r o i i o o # 
O I ^ O ) I 
REAL 
a r r a y c c ^ p s d , c c 4 p S O , c c 5 P s D # c c 6 P S D » C C 7 P S o r o i i o o # 
0 1 * 0 ] I 
R E A l 
A r r a y c 3 N , C 4 N # c 5 N # C A N # r Z N [ 0 . l 0 0 » 0 l 5 0 j : 
REAl 
ARRAY C 3 P , r A P » f 5 P # C 6 P » C 7 P r o M O O # 0 « « ) 0 J J 
R E A l 
A r r a y < ; 3 n , < u n » < , s n , < ; a n . s 7 n c o t i o o » o i « > o ] i 
REAl. 
A r r a y $ 3 P # < A P # s 5 P , s 6 P , S 7 P t 0 . 1 0 0 » 0 « 5 0 J » 
REAL 
A r r a y c C u t , a c u t » c p a # u s d c o i i o o ] ; 
REAl 
ARRAY P R 3 0 . P R 4 o # P R S 0 » P P 6 0 # P R 7 0 [ 0 « l O O ) I 
REAL 
A r r a y r , 3 N # c 4 N # r , 5 N # r , 6 N , G 7 N C o i l o o # o i 5 0 ] t 
REAL 
a r r a y G 3 P , r , 4 P » r , 5 P # G r t P # G 7 P C o U o o # o » 5 0 ] i 
LABEL Y [ E L D V A L U E $ , D E c I S I n N c R I T E R T A . 7 E R 0 S y S T E m , 
L E V E L I m I T l A L I 7 E # L E V E L C O M P U T E . 
A U v I U I A R Y C n M P l l T E # D F C l S I Q N C n M P U T E # D I l # O l . ? # 
D L 3 # D L a * D L V D L 6 * R A T E C 0 M P U T E ' P L 1 » P L ? ' P L 3# 
P L A . P L s # P L r t , « R n « « i r H , W R I T E O l J T P U T , 
C L P C K C H E C K , C L n C K l N C R E M E N T . E N O O E R U N J 
L A f l E L E U L A R o A Y % 
LABEL L I * | 2 * 
O e E T n E ZLOnP . FOR Z l « 0 S T E P 1 UNTIL 4 1 DO f J 
DEFINE . BG * B f G I N LAREL OllMMY # I 
J * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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t 
* P R ' i f E D i i U E S 
I 
X * * * * * * * i * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * X 
* 
RF Al 
p R n r r n u p t m a x ( h p n , j 
RF Al A » n ; 
Max , = T F a r,TR 1 THEN A 
FLSF H » 
X * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
HFAl 
P r O C f D U p E MTN f A . R ) ; 
WFAl A>n ; 
^ F G TN 
M I N » = T F A I S S n JWFN A 
FLSF R | 
E N D nF M I N « 
************************************************** 
* 
k F A I. 
P R O f f D U p E LnO m • 
U f a i a i 
b e g t m 
LOG : a j K A G T R 0 THFN L N( A 3 0 2 5 * 5 0 ^ 0 
F l . S E 0 j 
LwD nF I UG I 
************************************************** 
* 
« F A | 
P R O r r O U p f C l i p < h » i » N , c J » 
HE A| H # | » N , R I 
«EGTm 
c l i p « S i f M l s < ; c t h e m l 
e l s f H i 




p R n c r D U p t S a m p i f ( P » a » r , V ) t 
VALIIT P » 0 i 
R F A l P » o , T » y J 
BEGIN 
IF TTMEX NE^ 0 yHF.N 
« e g t n 
TF TImEX rFW t - U T / 2 THEN 
n F f i i M 
V »= P I 
T , * T + 0 I 
E n d 
LNO 
e l s f 
T « s 0 ; 
!>AMP| E i « V I 
E n d s a m p l e ' 
; , * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * x 
it 
RE AI 
PROCfDURE RflMP ( P , 0 » V ) f 
VALUF P»o»V j 
RF Al P»n,V » 
I F T T M E * G E O y+nT/? T H F M 
R A M P t = p+v 
t-LSF 
RAMP I S V ; 
E N D pF R A M P J 
************************************************** 
* 
H F A I 
PROCFOI-JPE S M A T G H (H,L>N> I 
R E A | w»| *N , 
BFTITM 
bWATrH t = IF N F Q L 0 T H E N H 
U S E | > 




P R P G F D U R E P I I L S F ( P , 0 » R » T ) J 
VALMF P » O » R J 
RFAl P»P»R*T I 
B E G I N 
I F T T M E * Ntn o T H E N 
IF TlwEX G F U T-DT /2 THEN 
REr,IN 
pULsE : = P t 
T I : T+o 
E * p 
F | SE 
Plj| S E % - r. 
E L S E 
IF T I * t> NrO 0 THFN' 
PlJLSF t = 0 
E L S E 
^ u l s f ' = p « 
tNP pF plIl.SF > 
************************************************** 
% 
P R P C F O U R E RFAOARRAY ( A A A ) , 
R E A L . 
A R R A Y A A A T O ] i 
BEGTM 
I N T E G E R I » 
A L P H A W O : 
REAl Nil t 
EpRMftT F I f X I # A I » *1 0 » F « S . 1 » Y 6 3 ) I 
EPR T t - o cTLP 1 UwTIt 41 nO 
B E G IM 
LAREL 1.1 > 
L1 l 
R F A D ( R A V I V » F 1 . W D * N U ) * 
I F WO NE» " Y N T H F M 
GP Til 11 : 
A A A I I 1 1 = N U t 
k-ND I 
E N D n F R E A P A W K A Y i 
************************************************** 
* 
R R P C F D U R E R F A D T W D A R R A Y f B B R ) ; 
H E A| 
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A R R A Y R B n [ o » n l » 
INTEGER I i 
A L P H A W O t 
H F A I NR I 
F O R M A T F s r x i , f l i , x « o , F f l . i , x 6 0 ) J 
F O R T »« o <atp i U M T T I a l no 
B E G I N 
L A R E L L ? J 
L? » 
READCr,AVlM#F5,W0»wR) * 
IF WO NF 0 HA" THFM 
GP TO L? t 
R*R[K, 1 ] : s Np j 
k-ND i 
LNO p>' pE A P T WOApRA Y > 
KFAl 
PROrFPUpE SIIMMATIOMC I » \ 1 P I?,EUNrT TOf') l 
I N T E G E R T , T I » T ? > 
R F A I F p n r T I n N I 
« E GTM 
iNTFr.ER a : 
REAl SUM J 
A I t I ; 
S U M » e o ; 
F O R I » r i i S T E P i U N T I L i? on 
S U M , « S U M + F U N C T I O N j 
S U M M A T I O N : = S U M ; 
I »« A X 
LNO OK S U^MAT I OM ; 
PROCFDUpL C p T D E r I S T O N 
R F A I A , n » C , n > E » F , ( i * H , 
B F G T M 
P3NI p [ K ! X - a ; 
P3NI stKl : = 1 - A 
P S P L P I K I ! = R 1 
P3PL StK'l i = 1 - H 
P * N L p t K l : = C * 
PflNL S i K 1 j = i - c 
P A P | p f K ] t = n J 
PflPl sf K 1 * c 1 - n t 
P 5 M I p i K l i r F ; 
P5NI S L * 1 J = l - F f 
P">Pl p [ K ! | X F J 
H5PLSIK] t s 1-E \ 
PftNl C t K 1 i = r, J 
P6N|. sf Ki J 5 t - G t 
P<SP| r l K 1 i = M i 
P6PL.St»<l : = 1 - H i 
P f N L f [ K ] : = I 1 
P7NLSEKT t 3 l - I 
P 7 P L C [ K l : s J 1 
P7PLslKl i = 1 - J i 
E N D N F P U T D F T I S T H N ; 
% 
PROCFDUpE C p T R A T F ( A ) t 
I N T E G E R A J 
L A « F | C L . L , C L / , # C | . S » C L F T , C | . 7 # F N P J 
J > W L T R H S W 1 i s C L . 3 » R L 4 » C L T > » C L . A ^ C L ^ 5 
L N T F R , F R P , R » U : 
* I N T E R N A L I / A R L A B L T D E F I N I T I O N S 
* A O L B S G R L P T F F L P S E Q U E N C E ( 1 # . . . # 3 0 N 
* N <; I T F I N N F X ( 3 > 4 , 5 , 6 * 7 ) 
* R T Y P F L A M D C O N N A T U R A L ; L = P L A N T A R T O M ) 
* N A R » F P F W D O U F O T H R O U G H 4 1 ) 
% 
0 « = S I R A L : 
C I R P O P N [ A I ; 
O 1 = A G F T A 1 I 
G O T N S T » L F P . ? ] : 
C | _ 3 : '* S T T F I N D E Y 3 0 
I F C E OL 0 T H E N 
B E G I N % N A T U R A L L A N D 
I F A 3 F J [ K # P ] L F < 3 0 T H F M 
B F G I N 
P C U T L K , E L t - O > 
R C 3 M S O R K , D ] L A O * 
R 3 N [ - K | , N ] l = O I 
S 3 N F K L » N ] : - 0 J 
C R E M U , A 1 » = C R F M T T O A - L 1 J 
E K ' P 
EL S E 
R E G I N 
P C D T T K , / * ! ( P ^ N L R R K J ) x ( P C 3 N C [ K , N I ) 
+ F P 3 N L S L K 3 ) x F P C 3 N S T K » N L ) ; 
C R E F [ K , A L i- C R F M R * , A - L T - P C U T R * # A L i 
C S O C v» D 1 I s R L I P ( P C U T C K » A ] , C R F M [ K , A - 1 ] , 
C R F M T K # A ] # 0 > ; 
R 3 N F K L . N I : = ( C R 3 * S D [ * » N I / R C U T [ K , A N x 
( R - ^ M L R F K ] ) x ( 4 3 M K > D 1 ) » 
S 3 N F K | , N I l = ( R R 3 N S 0 [ K # N ] / P C L J T C K # A L ) * 
( P 3 N L S C K J ) x ( A J N I I O D L ) I 
C R E M I K , A I 1 = M A Y ( C P F M I K , A 3 , 0 ) 1 
E ^ N 
L N O 
T L S F 
B F G T M * P | A N T A T I D K I L A M 0 
I F A 3 P [ « » N L L F Q 0 T H F ^ 
B F R, I N 
P C U T I K , /< L L = O L 
R C 3 P S D F I / # U L i s O i 
C 3 P R K | . , N L t = 0 » 
S 3 P F K L » N 3 I = 0 t 
G R E I ^ T K . A L I s C R F M L K , A - N * 
E N N 
EL S F 
B E G I N 
P C U T I K , « I I - ( P ^ P L R I ^ I ) x ( P C 3 P C [ K , D 1 ) 
+ ( P 3 P L S F K ] ) x ( P C 3 P S [ K » N 3 ) I 
R R E M T K , A ] »= C R F M [ K , A - L L - P C U T R K > A L I 
R C 3 P S N T K # D I I * R L I P ( P C I J T R K * A ] , C R E M T K # A - I ] # 
C H E W L K , A L # 0 ) i 
G 3 P R K U O I J - ( C C 3 P $ R > [ K , N ] / P C U T [ K , A L ) * 
( P 3 P L G I K J ) x ( A 3 P R K ' D L ) ; 
S 3 P R T < L , P 3 • = ( R R 3 P S D [ K , N ] / P C U T T K # A L ) * 
( P 3 P L S I K I ) x ( A 3 P T K # D 1 ) } 
C R E M I K . A I I S M A Y C C R E M I K , A 3 , 0 ) i 
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F > 0 
E N D J 
tin, Tn EnP ; 
CLA i 
i r r F ^ I o 
B F G T M 
I F M N I K » 
B F r, I N 
P C I ) T I K , 
r C ^ M S N R 
r^Nr K I . , 
S < * N r «i , 
f R E M [ K » 
E > ' 0 
FI s E 
BE r, IN 
p C U T C K , 
f R E M [ K * 
PC4MSDT 
T A N f K L . 
s 4 N r K i. # 
r PE M [ K » 
E K | n 
E N D 
L L S F 
«*FMM 
IF A ^ p [ K » 
RE p,IN 
p C U T I K > 
rAPr*L» 
r R E M [ l<» 
El sE 
R E n I N 
p C U T I K , 
C R E M C K , 
r « P r K ' » 
C R E M E K , 
E^n 
E N D J 
(>n Tn EpP j 
CL5 : 
IF r E QI o 
B E O I M 
IF AbivjEK, 
R E c I N 
pCUj [ K # 
r c 5 N s n i 
p5N r KL » 
s5Nr K i> 
T H E N 
n ] L F « o T H F N 
* S T TF I N D E X an 
% NATURAL I - A N O 
A ] : = 0 : 
v *D1 t = n ; 
M » s 0 i 
n ] : = 0 , 
A 1 « = C R F M t K » A - 1 1 i 
Al := (PflNl.CtKJ) x CPC4NC[K,0]) 
+ ( P I N L S R K J ) x (PC^NStK'Hl) : 
A] * s CRFM[K»A-ll - PCUTfK#A| J 
w»U] t r r L l P ( P C U T C K » A ] , C P E M [ K » A - 1 ] , 
C R E M T K , A J . O ) I 
M t = (rraNsntK.ni/PCtJTtK.Ai) x 
(PANLrrKD * ( A ^ N C K H ) I I ; 
M t = ( r C A N s D r K . O l / P C I I T C K . A J ) x 
(P/iNLSTKl) x (A4NCK»D1) ; 
Al 1 = MAY(CREMtK,A1.0) '' 
% P| ANT A 11 f l \ L AMD 
n l LfQ 0 THFN 
A ] t = 0 ; 
tf.DI t r n ; 
M » s 0 : 
0 ] t r 0 ; 
ft 1 t = CRFMt K . A - I 1 I 
A 1 I s (P/jPLC[KJ) X (PCflPCl K . P ] ) 
+ ( P ' l P L S f K J ) x ( P C " P s t K » n l ) I 
A l 5= CRFMtK,A-ll - PCUTfK.Al J 
k-.Dl t : cLlP(PCUTrK.Al»CpEMtKjA-1]» 
C R E M U . A J . O ) i 
n1 t « ( C C 4 P S D [ K . D ] / P C U T t K . A 1 ) x 
(p/iPLCEKJ) x (A4p[K»0l) ; 
n ] t _ (CC4PsDtK.n]/PCUT[K,Al ) x 
(PAPLSTKI) x (A4PtK>Dl) t 
A l t = MAY(CRFMt K . A 1 . 0 ) t 
T H E N 
n l L F Q 0 T H F N 
A 1 t r 0 t 
K . D ] t r 0 ; 
Ol t - 0 I 
0 ] « = 0 t 
« SITE INDEX 50 
% NATURAL LAND 
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CREM C Kt> A ] 
ENn. 
ELSE 
B E G I N 
P C U T C K , n 
C R E M t K , A ] 
C C S N S D I K . D 
S 5 N [ K L . n ] 
CREM t K »A 1 
END 
ENO 
E L S E 
B E G T M 
IF A 5 p t K » n l L F Q O THFN 
B F G I N 
P C U T [ K , A ] 1 = 0 
r C 5 p S D f K * D ] I * 
r 5 P r K L » m ' = 0 
s 5 P r K L . n l I 
C R E M T K . A I « 
ENn 
E L S E 
B E G I N 
P C U T I K , A 1 
I . C R r M [ K # A - H I 
C P 5 N L C [ K ] ) x ( P C 5 N C f K . n i ) 
( P S N L S t K I ) x ( P C 5 N s t K » n i ) l 
C R F M t K # A - l l - P C U T f K . A ] ; 
* r L l p C P C U T [ K » A ] . C R E M [ K . A - 1 ] , 
C R E M U . A I . O ) ) 
( C C 5 N s P l K . n l / P C U T r K . A ] ) x 
( P ^ N L C I K ] ) x ( A 5 N C K # D 1 ) ; 
( C C 5 N s H f K . p J / P C U T C K » A ! ) X 
( P 5 N L S I K ] ) x ( A 5 N [ K # P 1 ) J 
M A X ( C P E M L K , A I . o ) * 





CRFMt K # A - l 1 
+ 
C R E M C K . A ] l s 
C C 5 p S D t K , D ] I 
c 5 P r K L , n i t « 
S 5 P r K L , P ] > e 
C R E I M U , A 1 
ENn 
E N D } 
Gn Tp EpP » 
C L 6 I 
I F C EO| 0 THEN 
B E G I W 
I F A 6 M f K . n l L F O 0 THEN 
BEGIN 
p C U T C K . A l I I 0 
C C 6 M S D [ K > D ] ! • 
( P ^ P L C f K ] ) x ( P C 5 P C t K , P ] ) 
( P S P L S t K J ) x ( P C 5 P s C K » D l ) I 
C R F M C K . A - t i - P C U T t K , A ] ) 
» C L I P ( P C U T [ K # A ] # C R E M [ K » A - 1 ] . 
C R E M C K # A I # 0 ) t 
( C C 5 P s D [ K , n ] / P C U T [ K . A l ) x 
( P S P L C I K I ) x ( A S P t M D l ) J 
( C C 5 P s D t K , D ) / P C U T t K . A 3 ) x 
( P 5 P L S t K 1 ) x ( A 5 P [ K # D 1 ) t 
M A V f C R E M l K . A l . o ) ' 
X S I T E I N D E X 6 0 
x N A T U R A L L A N D 
C 6 N [ K L . n 1 «= 
S 6 N f K L » P l l « 
C R E M t K . f t l I K 
ENO 
E L S E 
BEGIN 
P C U T C K . A ] t « 
• 
CREM t K » A 1 >« 
C C 6 N S D [ K * D 1 I 
C 6 N f K L . P l Im 





CRFMt K» A - l 1 
( P * N L C [ K ] ) x ( P C 6 N C [ K , D 1 ) 
( P 6 N L S I K J ) x ( P C 6 N S t K » D l ) I 
C R F M t K . A - 1 3 - P C U T r K . A l i 
• C L l p ( P C U T [ K * A ] , C p E M C K » A - 1 ] * 
C R E M I K , A 3 , 0 ) ; 
( C C 6 N S D C K , D 1 / P C U T C K . A ] ) x 
( P 6 N L C C K 1 ) x ( A 6 n C K ' 0 1 ) I 
( C C « N S D C K , n ] / P C U T C K . A l ) x 
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( P * N L S [ K ] ) x (A6N[K>D]) J 




b e g i n x p l a n t a t i o n l a n d 
IF A 6 p [ K , n i L f ° 0 THFN 
BEr.IN 
p C U t ^ k ^ A J »« 0 I 
r C 6 p S D [ K , D ] I i f) ; 
f6PfKL#m im 0 I 
* 6 P [ K L , n ] I . 0 I 




p C U T [ K , A i | « ( P ^ P L C t K ] ) x (PC6PCCK,n3) 
• ( P A P L S t K l ) x ( P C 6 P s t K # n l ) I 
CREMC K# ] l r C R F M [ K # A - n - P C U T f K , A ] i 
r C 6 p S D [ K # D 3 I s c L l p C P C U T t K » A 3 # C p E M C K » A - n » 
CREmC K» A 1» 0 ) i 
c 6 P r K L # n i i . ( c r 6 P s n [ K # n ] / p f u t i k * A ] ) x 
CPuPLctK.]) x (A6PtK#Dl) f 
S 6 P r K L # P ] l r ( C f 6 P s n t K , D ] / P C U T t K # A ] ) x 
( P A P L S t K l ) x (A6P tK»DI ) I 
C R E M I K # A ] l « MAXCCpFMtK,A] ,0 ) ) 
E N O 
fc-ND | 
GO To EoP I 
CL7 i I ST TF INDEX 70 
i f c eq| 0 then 
Beg in % n a t u r a l l and 
IF A 7 N t K# n] LF« 0 THFN 
r f g i n 
p C U j t K . A ] I . 0 | 
C C 7 M S D C K # D ] l « o i 
c7NfKL ,m I , 0 I 
s7N r KL#n] I . 0 | 
C R E M I K # A I >• CRFMt K # A " l 1 I 
ENn 
ELSE 
b e g i n 
P C U t C K , A 1 «r ( P 7 N L C I K ] ) x ( P C 7 N C f K , D } ) 
+ ( P 7 N L S I K ) ) x (PC7NStK»D]> i 
CREMtK.Al l B CRFMtK#A»ll " P C U T [ K , A ] \ 
rC7NSDt«#D] I i r. L IP ( PCtjT t K > A ] , C R E H [ K * A - 1 ] * 
C R E M C l O A l ' O ) J 
r 7 N r K L # n ] t« (CC7NSD£K,0 ] /PCUT[K#A] ) x 
( P 7 N L C I K ] ) x C a 7 n I K * D 1 ) ) 
s 7 N r K L , n ] l s (CC7NsDtK,p ] /PCUTCK#A] ) x 
(P7NL S t K ] ) x ( A 7 N C K # D 1 ) i 
C R E M I K , A ) »« MAy(CREMU,A]#0) > 
enh 
end 
e l s e 
b e g i n i p l a n t a t i o n l and 
IF A7p[K»Pl LfO 0 THFN 
BEfilN 
P C U T [ K , A ] | « o | 
C C 7 p S D [ K » D ] l a o * 
r .7P[ K L#ni * . o I 
$7P[KL#n] t« 0 i 
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C R E M £ K . A 1 
END 
E L S E 
B e g i n 
P C U T ( K , A ] 
C R E M C K , A I 
C C Z p S D t K . D 
r 7 P r K L , n i 
s 7 P r K L # m 
Im CREMt K# A " l 1 v 
( P 7 P L C T K ] ) x ( P C 7 P C t K , n n 
( P 7 P L S t K ] ) x ( P C f P s t K T ) ] ) » 
C R F M t K . A - 1 1 - P C U T r K , A ] * 
» • C L l p ( P C U T C K # A ] . C r E m [ K » A - U » 
C R E M t K . A l . O ) J 
( C C 7 P S D r K # n i / P C U T t K # A l ) x 
( P T P L r t K ] ) x ( A 7 P C K » D 1 ) i 
( C C 7 P s D t K , n ] / P C U T [ K » A ] ) x 
( P T P L S t K ] ) x ( A 7 P C K # D 1 ) J 
M A y ( C R F M t K , A ] » 0 ) * C R E M t K . A l 
Ewn 
E n d t 
Go Tn E p P ; 
EOP i 
EnD nF f U T R A T E » 
X * * * * * * * * * * * * * * * * 
X 




PR 3 0 f K L i 
P R 4 0 r K L ] 
P R 5 0 r K L i 
P R 6 0 f K L ] 
P R 7 0 f K L ] 




( A ) 
( B ) 
( C ) 
( D ) 
( E ) 
( A C L 3 P C K 1 ) 
( A C L A P C K J ) 
( A C L S P E K I ) 
( A C L A P I K ) ) 
( A C L 7 P t K l ) 
E n d nT p L a n t o e c t S i o n j 
***************************++********% 
PROCpDUpE 
F I L E GAyOUT 
b e g i n 
R e a l 
A r r a y 
F o r m a t 
T j M l N G f G a V O U T ) J 
COST J 
T t n t 2 ] > 
T M P l C p R O C F S S * " . F l 0 . 5 » " S E C S . " » / , « I / O « 
F t O . « j , " S F C S . " , / . " R U N TIME * " , F 1 2 . 5 * 
n S E C S . " . / » , ' C H A R G F S * S " , F A . ? ) I 
H O I I " T l M F ( 2 ) / 6 0 I 
T [ l ] » • TIMFC 3 ) / 6 0 | 
T [ ? ] » « T t O l • T t U ) 
COST » * ( ( l A 0 / 6 n ) x ( T l M E ( 2 ) / 3 6 0 0 ) ) • ( 1 4 0 / 6 0 ) x 
( ( T T m E ( 3 ) / 3 * 0 0 ) / 3 ) I 
H R l T F ( G A V O U T , T M p l , T f O ] , T C l ] , T [ 2 1 # C 0 S T ) ) 
E N D nF t i m i n g I 
x * * * A * * * * * * A * * * 4 * * « * « * * * * * * * * * * * * * * * * * * * * * * * * * * * * x 
x * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * x 
X 
F o r m a t F 2 r x 4 . T i . x s » F i o . i . y 6 0 ) * 
f o r m a t F 3 f x H . F 6 , 3 » x * 3 ) ; 
F o r m a t F 4 f x i 5 , f b . i . X 5 7 ) J 
EORM A T F l O ( X l O # F l 0 . 1 , X l O , F l 0 . 1 » X 8 0 ) I 
F o r m a t f i k x 3 . I 2 * x 5 m o c f 5 . i # x 5 ) » x i o ) j 
F o r m a t F i 2 d 0 f X 4 , f 5 . 3 ) * X 3 o ) J 
F o r m a t F i 3 ( 5 ( X 6 , F f t . i 5 , x 6 0 ) > 
F o r m a t f i a ( X 4 , 1 2 . 1 o < x 3 # f b , 1 ) , X 4 ) 1 
F o r m a t F 5 o ( X 3 , " Y r . » , x 4 » " Y 3 w [ z ] " . x a . " Y 4 N [ Z 1 " , X 4 , 
" Y 5 M £ Z ] " ' X 4 > " Y 6 M [ Z 3 " ' X 4 , " Y 7 N m " » X 4 » 
" Y 3 P t Z ] « , X a , « Y 4 r t Z ] » ' , X 4 , " Y 5 P r . Z l " . X 4 , 
w Y < S p [ Z ] " # X 4 # , , Y 7 p [ Z ] , , « X l 5 / ) j 
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*ORM*T F5l(Xlo'^SFLEcT1VE CUTTING C O E F F I C I E N T S " ' 
FORK/>T F 5 ? C X 4 , " s C c 3 N « # X 4 , " S C C 4 N " ' X 4 , " s C C 5 n : " # X 4 » 
"SCc6N",X4 ,"SCC7N",X4 ,"sCC3P%X4, 
"SCr4P",x4,"SCC«iP",X4# ,'SCC6P"#X<i» 
M SCr7p"»x3o/> i 
Format F 5 - u X 4 , " a c i 3Pro]"#x4 ,"ACL4p[0 ] " ,X4 , 
"AC| 5pro]«,y4#»»ACL6ptG] ,"X4#"AcL7PCr l w , y 6 0 ) j 
format F5 / iCxin , "H'TTTAL c o n d i t i o n s " ^ ? / ) i 
FORMaT F55CX3,"AGF» # y3#"A3Nro*Z]"*X3#"A4N[0#Z]"*X3# 
"A5*ro#7]"»X3»"A6N[0#Z]"»X3#"A7N[0#7]"»v3» 
"A3pro , 7 ] " ,X3#"A4PtO#Z ]« ,X3 ,"A5PCO,7 l" ,Y3# 
« A 6 p [ 0 , 7 ] " , x 3 , « A 7 p [ 0 , Z ] " ' X 4 / ) | 
Format F 6 o c x i o » " y f a p l y d a t a % x 9 9 / / ) ) 
F 0 R M A T F 6 1 (X3 ,"YFAR" ,X4 ,"nEMA*!D",y9 , H TCS" ,X6» 
"ApRES CUT C J TO K)"#X4# 
"A r R E S TO CUT (K TO L)"#*4l/> ' 
FORMaT F 6 ? ( X 4 , I 3 , y 3 , F P » l » x 3 # F l 1 . 2 , x 3 5 , F l 0 . 3 # x 4 3 ) I 
FORMaT F63CX4, I 3 » v 3 » F e . l # x 3 , F 1 1 . 2 , X 1 0 , F 1 0 . 3 , X 1 5 # F 1 0 . 3 , X 4 3 ) ' 
Format F 7 o c x i o > " C u t t t n g s e q u e n c e " , X 9 4 / ) J 
FORMaT F7i (Xln»HSFQUFNCE",X5»*SlTF INPFX",X5, 
" N a T , OR PL ANT,",X5#"Ac,E"#Y60/) J 
Format F 7 ? ( X l v i 3 , x i ? , l l , y i 6 » l i » x i 2 , i ? , x 4 0 ) ) 
Format F 7 ^ ( X 3 , " j = " , i 3 . x n o ) ) 
FORMAT F 7 4 ( X 3 , W K e " , I3#X110) j 
format f 7 s ( X 3 , " l = " , i 3 * x u o ) i 
format F 7 * c x 3 , " j k = « , i 3 , y i 0 9 ) i 
FORMaT F77(X3."KL * " » I 3 » y t 0 9 / ) J 
Format F 7 P ( X 3 , h y f a r = " > i 3 > x i c n j 
format f 7 9 ( x 3 , " d f u r a m « " , f p . i #xioo) ; 
format F 8 o ( X 3 , " d f m a n p * " , f p . i , x i o o ) j 
Format F8wx3,"AvnE* « " , F 8 . 1 , x i o o / ) j 
Format f * 9 ( x 3 , " t c s * w * f tn»2#xio i ) t 
Format f m c * 3 , " a c r e s cutc.I t o k) = " , f i o . 3 , X 8 7 ) t 
Format f 8 * ( x 3 , " a c q E s t o c u t c k to i ) = * # f i o . 3 , 
X « 7 / ) J 
FORMAT F8S(X3 ,"CRFMtK»50] * " , F 9 . ? * X 3 , 
"CpEMt K# 100 I * " » F 9 . 2 * X 3 , " C R E M r K , 1 5 0 l = "# 
F9'.2,y^,"CREM[K ,200] * Fq . 2 , X1 7 ) > 
format f 6 * c x 3 , " c r f m i : k ' 2 5 0 ] « " > f ' . 2 * X 3 » 
"C REMrio3ol 1 • W # F 9 . 2 # X 6 8 / ) i 
Format f«7CX3,"copns c u t c k t o d * * , F 9 . 2 , x 8 8 ) t 
Format Ffl*(X3."Cnp0S per a c r f c k To l ) • " , F 5 . ? , 
X 8 7 ) ; 
Format f 8 9 c x 3 , " u n s a t t s f i f d demandck to d = "» 
F 9 . 2 , X 7 9 / ) * 
FORMAT F90(Xlo#"VALUFS OF LEVELS",X94/) J 
FORMAT F9i (X2r . ,"AcL3p[K ] " ,X14 ,"ACL4PCK]",Yt4 , 
"ArL5PrK]",X14,"ACL6Pr;K]">Xl4, 
"ArL7prKl"»X4) J 
FORMaT F 9 9 ( X ? o # F 8 . 2 # X l 4 , F f l , 2 # X 1 4 # F 8 . 2 , X l 4 . F 8 , ? , 
X l « » F 8 , 2 » y 4 / ) ; 
FORMaT F9l(X3 , "AC ,F"»X3*"A3NtK,Z]",X3,"A3prK,Z]"# 
X3,"A4i»TK fZJ"#x3»"A4Pl'K.Z]"*X3» 
" A S N [ K , Z ] " ' X 3 » " A 5 P I K ' Z I " » X 3 » 
• , AfN [K , 7 ]*» ,X3 , «A6P[K,Z ]» ' ,X3 , 
"A7N [K ,Z ]"»X3 , . .A7prK#Zl"»X4/) j 
FORMAT r 9 4 ( X 4 , I 2 , i O C X 3 * F 8 . 2 ) , X 4 ) I 
Format r 9 s ( x i p , " C u t t i n g r a t e s ( a C r e s ) * , x * 9 / ) \ 
FORMaT F 9 * ("**********************************•»* 
" * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * " , 
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F O R M A T F 9 7 ( H * . . * X 4 , " * " » X U , * S I T E I M D E X 30*,XI?. 
" * * " , X I ? . * S I T E I N D E X 4 C " * X I ? , * * * " , 
X1?»"MTF TNOFY 5 0 " * X T 1 . ) I 
F O R M A T F 9 « ( " * * » X A . " * " » X 5 » « N A T U R A L " * X 5 , « * " . X 4 » 
" P | A N T A T I N K ' , , * X 4 , " * * " . X | < , , " N A T U R A L , , » 
X5, "*", Y4,W P L AM TAT 10 N " . X4. «**•», Y6# 
" N A T U R A L " . X 5 # W * N . X 4 # H P L A N T A T I N M ^ ' X I , 
F O R M A T F 9 Q ( * * A G E * C L E A R * S F L E C T * C L F A R * * ' 
" S E L F C T * * C L E A R * S E L E C T * M * X 3 . 
H C | E A R * S F L E C T * * C | E A R * S F L E C T * * ' 
" * C L E A R * S E L E C T * " ) ; 
F O R M A ! F I RO< " * " * Y A* "*"> X 8 , H * " , X B » " * " . X Q , X P . 
XQ»"*"»X*'"*,',X9*"*F'*Y7,''*»') J 
F O R M A ! F I M ( X ? * I ? , X2,2(F7.2* XP.F7.2. X J , F 7.?* X ? , 
F7.?,Y4),F?.?,X?>FR,2,X3.F7.?,X2, 
F7.2.YT) * 
F O R M A T FLN?("*********************************«* 
•»******W.Y38) ; 
F O R M A T F 1 N 3("*"*VA*"*"*XI 1 pMSITE T N T E Y 6O**XT?, "**", Y12, WSITE I NOE X 70 M> X12,**", 
X^8) , 
F O R M A T F L N 4 ( , , * , , * X 4 * , ' * , ' ' X 5 , " N A T U R A L " * X 5 * ' , * " * X 4 . 
" P L A M T A T T O N " , V 4, . X 6 , " M A T U R A L " , 
X5»"*"*X4»',PLANTATLNN"*X4."*»»,X38) J 
F O R M A T F I O 5 ( % A G E * C L E A R * S E L E C T * C L E A R " , 
" * SFLECT ** CLEAR * SFLECT *"» 
" C | EAP * SFLECT *"* X3* ) I 
F O R M A T FLN6(W*",Y/!,,'*,,*XFL,»*,',XP,,"*",Y<}, "*"* XFL, 
, Y 9, ..*»», XP,•»*••,X9, W*", XFL, 
X^fl) T 
F O R M A T FLN7 ( X ?,L? IX2,?(E7.2 * X?*F7,2*X3,F7.2 * X ? , E7.2,Y4),X36) ; 
WRHFCGAVOUTRNOL ) t 
F I L L A R R A Y t 
F R L SIR*] W I T H 0*7,7*7) >7P7,7P7> .7) • 7/ .7*7) .7*7 .7*7* 
7,7*7I . 7*7, 7* 7) 7) 7, 7* 7, 7* 7 7*7, 
1 ,1P 7I >7P7,7P7> 61 • 7, .6*7) 6*6, 6*7, 
6.7*7I .6*6,6,7) .7) 6*61 .6*6, 6*7, 
7,6*6) •7*6,7,6) • 7) • ,7*7, > 6*6 .6*6, 
A,6*S) .6*6,6,5) 61 >6I 6*61 5*6) 5*5* 
* * 6* F J 6*5*7*5, 6/ 5I 6*5/ »5*5, 5*4* 
5,5»SI »5*5.4*5 7I -6, 4*5I 6*4/ 6*4, 
S,5*SI »5* 3,5*5) 3/ » 3/ .6*4) .4*4, .4*4, 
4,3*5) .6* 3*4*5) 3) • 4) .3*5) .4*6) .5*5, 
4.4*5/ 4*4,3*4I 3/ 5) 3*4; .3* 3/ 3*5, 
3*4*3/ 3*5,5,3, 4/ 4/ 7*4, 4*5/ 7* 3* 
3.6*AJ 4* 3*5*6I 3/ 3/ 4*6) 4*5/ 5*4, 
4,3* 3I 6*4. 3*5/ 5/ 3/ 3* 3/ 3*5/ 4*7, 
4,5* 3' 3»6,5»5J 4/ 3I 4>6J 4*3/ 4*4* 
3*6*6/ 3*4,5*4/ 3/ 4I 5*4, 3* 3/ 5* 3* 
3.5*3' 7*7,4,4/ 4/ 6/ 3*5/ 5*3/ 3* 3* 
4,4*5' 6*3*5*6/ 3/ 4. 4*3/ 4*6/ 3*5* 
3,4*7/ 5* 3*4*6/ 5/ 3, 3*7, 4*5/ 4*6, 
5,4*7/ 6*7,5*6/ 5/ 6, 7*6/ 7*7, 7*6* 
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F I L L P O p N [ * ] W I T M 
F ILL A G F t * ] W l T p 0 
W R l T F C G A V n i l T t P A r J ] 
W R I T F ( G A V O U T # F 7 O 5 
W R I T F ( g A v O U T > f 7 \ ) 
f o r t i « t s t e p i 
W R I T F ( G A V 0 U T , F 7 ? , I 
GO Tn Y T E L D \ / A L U F S 
7 I 























































U w T l l 
• 1 , 1 * 1 . 1 * 1 * 0 / . 1 . 1 * 1 / . 0 * 1 . 0 / . 1 , 0 * 
. 0 * 1 * 1 * 0 * 0 * 1 / • 0 , 0 , 1 / 1 * 1 . 0 / • 1 * 0 ' 
, 0 * 1 * 1 , 0 , 1 , 0 / • 1 , 1 , 1 , 1 * 1 * 1 / • 1 * 1 * 
. 0 , 0 , 1 . 1 , 1 , 0 / . 0 , 1 , 1 , 1 » 1 . 1 ' . 1 . 0 * 
• 1 , 1 * 0 , 1 , 0 , 1 / • 0 , 1 , 0 / . 0 * 1 * 0 / • 0 , 0 * 
• 0 , 1 * 0 , 0 , 0 . 1 / . 0 , 0 , 0 , 0* 1 . 0 / • 1 * 1 * 
. 0 * 0 * 0 , 1 , 0 , 1 / . 0 , 0 , 0 , 1 * 1 . 0 / • 1 * 1 * 
. 0 * 1 * 1 * 1 * 1 . 0 / • 0 , 1 , 1 , . 0 * 0 . 1 / • 0 , 0 * 
. 0 * 0 * 0 , 1 * 0 , 1 / • 1 , 1 , 0 , . 1 * 1 . 1 / • 1 , 0 * 
. 1 * 0 * 1 , 1 * 0 . 1 / • 1 , 0 , 0 , . 0 * 0 , 0 / • 1 * 0 * 
. 1 * 1 * 1 * 0 * 0 , 1 / . 0 , 1 , 1 , 1 * 0 , 0 / • 1 * 0 * 
0 * 0 * 1 . 0 * 0 , 0 / . 0 , 0 , 0 , 1 * 0 , 1 / . 1 , 0 * 
0 * 0 * 0 . 1 * 1 . 1 / . 1 , 0 , 1 , 0* 1 , 0 / . 0 * 0 * 
. 0 * 1 * 0 . 1 * 0 , 0 / . 1 , 1 , 0 , 0* 1 . 0 / • 0 * 1 * 
. 0 * 0 * 0 , 1 . 0 , 1 / . 0 , 0 , 1 , 0* 0 . 1 / • 0 , 1 * 
1 . 0 * 0 , 1 , 1 , 0 / . 1 , 0 , 0 , 1 * 1 . 0 / • 1 * 0 * 
0 * 1 * 0 , 1 * 0 . 1 / . 0 , 1 , 0 , 1 * 0 . 0 / 1 * 0 * 
, 0 . 0 * 0 . 0 . 1 . 1 / . 1 , 0 , 1 . 1 * 1 , 0 • 0 , 1 * 
. 0 * 1 * 0 , 1 * 1 . 1 / . 1 , 1 , 1 0* 0 , 0 / • 1 , 0 * 
. 1 * 1 * 1 * 1 . 1 , 0 / 0 . 1 , 1 , 1 * 0 . 1 / • 1 * 0 * 
? 5 * 2 2 , 2 3 . 2 6 / 2 4 * 1 6 , 2 7 . 2 8 / . 2 0 * 
? 9 * 2 0 , 3 0 , 1 5 / 1 7 * 2 3 . 31 * 3 2 * 2 2 , 
3 3 * 2 6 . 1 0 . 3 4 / 1 9 * 3 5 , 2 9 . 3 6 / 24 . 
? 7 * 3 7 , 3 8 . 2 5 . 3 9 * 3 1 . 3 0 . 4 0 / 2 9 . 
? P * 3 2 . 3 1 , 1 8 , 2 7 * 3 3 , 3 0 . 3 4 < 3 3 , 
3 2 * 3 4 , 3 5 , 3 8 . 3 7 * 3 6 , 2 5 , 1 9 . 3 7 , 
? 3 * 4 0 , 3 8 , 2 4 / 3 5 , 4 1 i 4 0 . 1 7* 3 9 . 
? ? * 3 3 , 2 9 , 3 4 / 3f>» 24 , 38 . 3 9 . 31 , 
3 9 * 3 2 , 2 6 , 4 1 / 3 7 * 4 0 , 2 8 • A l l 3 7 , 
4 0 * 3 5 , 3 0 . 3 5 . U # 3 6 , 2 5 . 3 9 . 2 7 , 
3 4 * 4 1 , 3 ? , 3 9 / • 3 f t . 3 4 , 31 . 3 0 / 2 9 , 
3 7 * 1 3 , 2 0 , 4 1 / 4 0 * 2 3 , 3 8 . 9 2 . 41 , 
3 5 , 3 3 , 3 2 , 4 0 / 3 0 . 2 8 . 4 1 . 3 9 i 2 0 , 
1 6 * 3 5 , 3 4 , 3 9 / 3 7 * 3 * , 31 * 1 9 . 3 7 . 
?7> 3 6 , 3 4 . 4 0 / ? o » 4 0 , 2 1 * ? 6 i 2 8 . 
3 3 * 2 5 , 3 2 . 3 6 / 4 1 * 3 1 , 3 5 » ? 4 * 3 5 , 
^ 9 * 3 4 , 3 4 * 2 5 * 3 3 * 3 2 , 3 7 * 3 2 . 2 7 , 
3 8 * 3 0 , 3 3 . 1 2 . ? 9 » 2 9 , 2 3 * 1 6 / 3 6 . 
1 9 * 3 1 , 2 8 * 3 1 * 2 2 * 1 8 , 3 0 , 3 3* 2 8 , 
9 7 * 2 4 , 2 2 . 2 7 . 2 5 * 2 8 , 2 9 . 1 7 . 2 6 , 
? 3 * 2 1 , 2 8 , 3 1 / » 2 6 * 2 7 , 2 0 . 2 6 . 1 5 , 
? 1 * 2 9 , 2 7 . 1 / * 1 P * 2 0 , 2 3 . 2 4 . 2 4 , 
? 4 , 2 6 , 2 l . 2 3 . 2 5 * 1 6 , 1 5 . 2 5 i 2 2 * 
? 2 * 2 4 , 2 0 * 1 7 * 2 1 * 2 3 , 2 2 . 1 8* 2 3 * 
1 8 * 2 2 , 1 1 * 1 4 / 1 9 * 2 0 , 1 8 . 1 5 / 21 , 
1 6 * 1 8 , 2 1 , 1 9 . 1 9 * 1 6 , 1 5 , 1 4 * 1 7 . 
1 4 * 2 0 , 1 7 * 1 8 * 1 9 * 1 7 , 1 3 , 1 6 * 1 5 * 
1 5 * 1 3 , 1 4 , 1 8 , 1 6 * 1 3 , 1 4 * 1 7 * 1 6 , 
1 4 * 1 3 , 1 4 * 1 2 . 1 3 » 1 5 , 1 2 . 1 2 * 1 1 . 
1 1 * 1 2 , 1 1 . 1 0 * 1 0 * 0 9 , 0 9 . 0 8 * 1 0 , 
3 0 1 0 0 
* P 0 R N r i ] * A G E [ I 1 ) 
YIELOVAL U F S J 
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Bg » 
R E A D a R R A Y ( v 3 N ) i 
R E A D A R R A Y ( y « N ) t 
R E A D A R R A Y c y » S N > » 
R E A D A R R A Y ( Y 6 N ) t 
READARRAY ( y 7 N ) I 
R E A D A R R A Y ( Y 3 P ) J 
R E A D A R R A Y ( Y / J P ) J 
R E A D A R R A Y ( Y 5 P ) i 
R E A D A R R A Y ( Y 6 P ) t 
R E A D A R R A Y ( Y 7 P ) » 
E N D » 
W R l T r ( G A V 0 U T [ P A r , E ] ) J 
W R l T F ( G A V O U T , E , » n ) I 
EOR 7 0 S T E P 1 U w T l L 4 1 nO 
W R I T F C G A V O U T . E I , , Z , Y 3 N r 7 ] # Y f l N [ Z ] # Y 5 N [ 2 ] , Y 6 N [ Z ] , 
Y 7 N t Z ] * Y 3 P t Z ] , Y 4 P r Z 3 # Y 5 P t 7 ] » Y 6 P [ Z ] # Y 7 p [ Z n * 
GO Tn D F C I S I O N C R I T E R I A t 
% 
% 
U E C I s I O N C R l T E R T A I 
b g i 
LENGyH I * lOO I 
DT I i 1 ' 
R E A O f G A v C R 0 , E 2 # r 0 N C n N l , D E M C O N ) J 
REAHf G A \ / C R O * F 3 # S C C 3 N ) I 
R F A D r G A v C R D , F 3 # S ^ C 4 w ) » 
R E A D f G A v C R D , F 3 # s C C 5 M > I 
R E A D f G A v C R n » F 3 # s C C « M ) » 
R E A 0 r G A v C R D , F 3 # « ; C C 7 N ' ) » 
R E A n f G A v C R O , F 3 » s C C 3 P ) I 
READf G A \ / C R D . F 3 # s C C 4 p ) J 
R E A P f G A \ / C R D , E 3 » < c ; C C , > P ) » 
R E A D f G A v C R D , F 3 # s C C 6 P ) f 
R E A D r G A v C R D , F 3 # < ; C C 7 p ) J 
E N D i 
* R I T F ( G A V O U T [ P A G E ] ) ) 
H R I T F ( G A V 0 U T # E 5 I ) f 
W R I T F ( G A V 0 U T , E 5 ? ) t 
W R T T F ( G A V 0 U T , F 1 ? # S C C 3 N , S C C 4 N # S C C 5 N » S C C 6 N » S C C 7 N , 
S c C 3 P , S C C / j P # S r C 5 p » S C C 6 P » S C C 7 P ) ; 
GO Tn Z F R O S y S T E m t 
% 
% 
^ E R O S Y S T E M J 
Bg j 
T l M E y I E 0 t 
J i « TImEX - 1 » 
K Im TIMEX » 
L I K TImEX + 1 i 
J K « R T T M E X - t t 
KL l c TTMEx J 
E N D i 
Go Tn L F V E L T N i T ! A L I 7 E I 
X 
% 
L E V E I I N I T I A I T Z E I 
b g \ 
D E M P A M C K I »« ° « 0 J 
O E M A N D E K I * • lOoOOO' .O i 
R E A P , G A V l N , F 4 * A r L 3 P t K ] ) I 
R E A P f G A v l N * F A # A r L A P T K l 5 > 
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RFAPf GAV/IN.F4* A r L 5 P r K ] ) t 
R E A H f G A y l N . r A * A r L 6 P f K 3 ) > 
H F A P f G A V l N * F 4 * A r L 7 P r K ] ) > 
R F A D T W O A R R A Y ( A ^ N ) 
R F A P T W O A R R A Y U 4 N ) 
R F A P T W O A R R A Y ( A ^ N ) 
R E A P T W O A R R A Y ( A a N ) 
R E A P J W O A R R A V ( A 7 N ) 
R E A P T W O A R R A Y ( A ^ P ) 
R F A P J W O A R R A Y ( A A P ) 
R E A P T W O A R R A Y CA«^P) 
R E A P J W O A R R A Y ( A * P ) 
R F A P j W O a R R A v ( A 7 P ) 
E N D > 
« « R l T F ( G A V O U T [ P A r , E n t 
W R I T F C G A V P U T # E 5 0 j 
W R l T F f G 4 V p | j T , F l i # A r | 3 P r 0 ] # A r L A P r 0 ] . A C L 5 P [ 0 l , A C L f P t 0 l , 
A r L 7 P r o j ) ; 
H R M r C G A V O U T r P A f i E ] ) I 
W R I T F ( G A V P U T , F 5 ^ ) ? 
W R I T F C G A V O U T . F c S e ; ) } 
FOR 7 »= 0 S T E P 1 U N T I L Al PO 
W R l T F ( G A V 0 U T , F l / t » Z » A 3 N r 0 * Z l , A 4 N [ 0 , Z ] * A 5 N [ 0 , 7 ] , 
A f N [ O , 7 3 * A 7 N r o , Z ] , A 3 P r 0 , Z ] » A a p [ 0 , 7 ] # A S P l O . 7 3 # 
A * P [ 0 , 7 ] » A 7 P r n * Z l ) * 
GO Tp A n X U I A R Y f O M P i i T E i 
% 
* 
L F V E L C O M P U T F l 
«G I 
i s R A M P ( I o o o , n # U E M R A M t j ] ) ; 
>e DEMCON + fCONCPNl)x(DEkRAM[K]) i 




= S U M M A T T P N ( 7 , 
r 5UM W ATInNC7j 
= S U M M A T T P N ( 7 ' 
a S U M V A T T P N ( 7 
s SUMyATlpN(7 




= S U M M A T I O N ( 7 
a S U M M A T T P N ( 7 . 
= S U M M A T T P N ( 7 
a S U M M A T T P N C Z 
= S U M M A T T P N ( 7 
= SUMMATTPNC7. 
= SUMn.ATTPN( 7 J 
* A3PsCCKl + 
= A A p s C [ K ] 
e A 5 P s C t K l 
= A 6 P s C [ K - | 
= A 7 P « C [ K 1 
= A C L ^ P f J l 
- P r 3 0 [ j k ] I 
= A C L ^ P t J l + A A P C f f K l + AANCCTK] 
- P R A O f j K ] t 
= A C L s P C j l + A5PCCIK1 + A5NCCCKJ 
U E M R A M E K 3 
OEMAwDfK ] 
A 3 N C r t K 
A A N C r t K 
A 5 N C f [ K 
A 6 N c r [ K 
A 7 N f f EK 
A 3 N S T T K 
A A N r, f r K 
A 5 N S f [ K 
A6NSrtK 
A 7 N S T C K 
A 3 P C f IK. 
A A P C c t K 
A 5 P C f [ K 
A 6 P f r t t < 
A 3 P s n r K 
A A P S C I K 
A 5 P S r t K 
A6Pc,p [ K 
A 7 P S f . [ K 
A3N r K ' 0 
A A N [ K , 0 
A5NT K , 0 
AftNTK#0 
A7NT K ' O 
A C L 3 P I K 
A C L A p I K 
AcL5pCK 
, 0 * 4 1 » C 3 N t J K , ? ] ) i 
, 0 , 4 1 » C * N [ J K , 7 3 ) ; 
* 0 * Al » C 5 N [ J K 1 
, 0 * A 1 » C 6 N [ J K * Z ] ) ; 
» C 7 N I J K , z i ) ; 
, 0 , 4 1 i » S 3 M t J K , Z ] ) ; 
* 0 » 4 1 i » S 4 M l j K »in ; 
, 0 * 4 1 j > S 5 ^ [ J K , 7 ] ) t 
» 0 , 4 1 • S 6 N I J K * Z ] ) ; 
, 0 * 4 1 » S 7 N [ J K , Z ] ) i 
, 0 * 4 1 » C 3 p [ J K ,?]) ; 
, 0 * 4 1 » C 4 P [ J K , Z ] ) f 
* 0 * 4 1 » C 5 P [ J K * Z ] ) l 
* 0 * 4 1 » C 6 P E J K , z n i 
, 0 * 4 1 i » C 7 P E J K * Z ] ) 1 
» 0 » 4 1 • S 3 P I J K * z n \ 
, 0 , 4 1 > S 4 P E J K * Z ] ) ; 
* 0 * 4 1 • S 5 P E J K . 7 1 ) ; 
, 0 * 4 1 J » S 6 P E J K , Z ] ) ; 
, 0 * 4 1 i » S 7 P [ J K * Z ] ) 1 
A3NSC. : K ] i 
A 4 N S r : K I ; 
A 5 N S r l Ki t 
A6NSC : K J t 
A ' ^ N S r K I ; 
A 3 P C C I K ] + A 3NCC r K 
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« (A C K . Z 1 ) X f Y a p r z D t 
s ( A 5 P f K , Z l ) X f Y 5 P C Z ] > ; 
X f Y 6 p t z J ) ; 
= ( « 7 P [ K , Z l ) X ( Y 7 P [ Z 3 ) ; 
= ( A s P r K » z i ) X f Y 3 P T Z ] ) X C S C C 3 P ) 
= C a 4 P [ k , Z ] ) X f Y 4 P [ Z ] ) X ( S C C 4 P ) 
s ( a 5 P [ K * Z I ) X f Y 5 P C Z 1 ) X ( S C C S P ) 
= c A 6 p r K , z i ) X f Y 6 P C Z ] ) X C s C C f t P ) 
= c « 7 P r K , z i i X f Y 7 P T Z 1 ) X ( S C C r P ) 
P c a p r f K » 2 i 
p C 5 P C [ K , Z ] 
P c 6 p r i x » Z ] 
P C 7 P f [ K , Z ] 
P C 3 p < ; [ K , Z ] 
P C 4 P s E K , Z ] 
P C 5 P S t K , Z ] 
P C 6 P s t K , Z ] 
P C 7 P S I K , Z ] 
E N D J 
E N D i 
Gn Tn D r C t S l O N C p M p i J T E 
t 
% 
DFC1S IOmCHMpUTE t 
B G I 
4 THEN 
I * ( . 2 o ) x ( D F M N O r K l + DEMAND T K " 1 ] 
+ D F M A N M K - ? 1 • 0 E M A N D C K - 3 1 
• D F M A N n [ K - 4 ] ) 
t 
I F v GEp 
AVDFMCKI 
E L S E 
I F K E O L 
AVDFMlK-) 
E L S E 
IF * E Q L 
AVDEmIK 1 
E L S E 
I F K E Q L 
A V D E M I K T 
e l s f 
I F K F Q | 
AVDFMCKT 
T C S F R ] t = 
3 THEN 
1 = ( . 2 0 x ( D F ^ A N D r K ] + DEMANOr K - l } 
+• O p M A N n l K - ? ! • DEMAND f K " 3 ] ) 
2 T H E N 
t- ( . 3 i 3 3 ) x (DEMAmDIK] 
+ D F M A N n f K - ? ] ) 
+ n E M A M D l K - 1 I 
1 THEN 
I = ( . 5 n ) x ( D F ^ A N D f K l + D E ^ ' A N n r K - 1 1 ) 
0 THEN 
1 = O E M A N D r K ] f 
S h M M A t I 0 N ( Z ' 0 ' 4 1 » p C 3 N C [ K » 7 ] 
+ P C « n C [ K , 7 ] • P C * N C [ K , Z ] • 
• P C 3 p C [ K , 7 I + P C 4 P C [ K » Z 1 + 
• P C 4 M C C K » ? 1 
P C 7 N C T K . 7 ] 
P C * i P C r K » Z ] 
• P C f t p C t k , Z l • PC 7 P C [ K . Z D ; 
E N D i 
IF T C S C K 3 GTQ ( 7 * 5 ) x ( A V D E M f K l ) THEN GO TO D L l 
E L S F 
I F T r S t K l GfQ ( 2 0 ) y ( A V D E M [ K ] ) THEN c n TO n L 2 
E L S F 
I F T C S I K ] Q r Q ( 1 5 ) x ( A V D E M r K ] ) THEN Gn TO D L 3 
E L S F 
I F T C S C K ! GFQ ( 1 0 ) x (aVDEMFKI) THEM Gn TO n i . 4 
EL S F 
I F T r S t K ] GfQ C O y ( A ^ D E M f K ] ) THEN GO TO D L 5 
E L S E 
G O Tn Dt 6 I 
D L l t 
B G ; 
C U T D F C I S I O N r o . o n » o . o o * o . o o * o . 3 o * o . 0 0 * 0 . 4 0 * 0 . 0 0 * 
0 . 6 n » 0 , 0 0 * 0 . 7 0 ) J 
E N D ? 
GO Tn RATECPMPUTE » 
DL2 : 
B G i 
C u T P F C I S l O N f O , O n * 0 , 3 0 * 0 . 0 5 * 0 , 6 0 . 0 , 1 0 * 0 , 6 0 * 0 , 2 0 . 
0 . f l n > 0 . 4 0 * 0 . 9 0 3 I 
E N D , 
GO Tp RATECPMPUTE » 
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- Po5or.lK3 J 
A C L * p [ K ] 1 a A C U P t J i + A6pcr rKi + A f t NcrrK3 
- P o 6 0 f j K l i 
*-CL 7p [ K i : a A C L 7 P [ J 1 + AzH'CRCKI + A7NCCrKJ 
- p p ^ O R J K I 1 
A 3 p r i < » 0 ] : = P R 3 n [ J * i I 
= P R A n [ j K i I 
A 5 P [ k * 0 ] : s PRSoCJKT J 
A 6 P r K ' ° 1 t s P R 6 o [ J K t J 
A 7 P r K * 0 1 • = P R 7 n f j K l J 
f o r / i= l STEP I IIMTI 1. 4 0 ni3 
b e g t m 
A 3 N [ K * 7 l * = G 3 N r J K , 7 - L 1 
A 4 N r*>73 ' = r , A N r J K » 7 - t 1 
A5NTK*Zi : = G 5 N f J K , 7 - L ] 
A 6N[-K>Zl 1 = r , 6 N r J K , 7 - 1 1 
A7NT | oZl » = r , 7 N r J K . 7-I 1 
A 3 P [ > o Z l : = r ,3PrJK,7-I ] 
A 4 P [ K # Z ] t = r , A P r J K » 7 - i 3 
A 5 P f K , Z i : = G b P f J K , 7 - l 3 
A 6 P r « ' Z l : = C,6PrJK.7-L 3 
A 7 P f K , Z 1 : 
L M n • 
= Pi7Pr J"K ,7-1 3 
*• iv l) J 
A 3 N T k * A i 1 i = A 3 M C J , a 1 3 + (i 3 f J K » 40 J - C3NCjK,4 t 
- O N t j K * 4 1 3 S 
A 4 N T k » A l J 1 : A 4 M C J # 4 1 3 + li 4 M [ J K » 4 0 1 - C4N[JK»41 
- «;ANt.JK# 41 3 .1 
A5Nt K ' 4 ^ 1 : s A 5 v [ j » 4 1 3 + G 5 M [ J K » 40 3 - CSNCjKfAl 
- S^NIMK* 41 3 J 
A6Mf K , 4 i 3 i c AcSM[ j , /) t 3 + G 6 M [ J K » 40 1 - CoN[JK»41 
- S f t N r , | K » 4t 1 1 
A 7 N [ K » A 1 1 := A 7 w t J » f l U + U 7 M [ J K » 403 - C 7 N r j K , 4 1 
/! 1 i ; 
A 3 P t K * A t 3 I : A 3 P [ J , F L L ] + G 3 P r J K , 4 0 1 - C 3 P U K > 4 1 
- O P r j K * 41 3 I 
A4PTK#Ai3 : s A 4 p r J , 4 13 + G4PC J K , 4 0 1 - C 4 P [ , J K , 4 1 
- s A P f j K * 41 ] ; 
A 5 P t K » A i 3 i s A5pC 3 + G 5 p C J K » 4 0 l - C5PCJK.41 
- O P f j K , 41 3 1 
AftPf k * A i 3 J s Af>p t J , 413 + GoP [ JK P 4 0 1 - C ( S P t j K » 4 t 
- s 6 P t \ | K , 41 3 J 
A 7 P t « ' A i 3 := A 7 p [ j . « U + G7pC JK# 4 0 3 - C7P [JK»A1 
- * 7 P [ j K » 41 3 t 
E n d : 
GO Tn AnXTLTARYrHMPnTE \ 
A U * I | I A r Y C O M P U T t » 
8G J 
f o r 7 »! 
b f g t m 
PC3K'0[K 
0 ^TEP 1 IIMTII 41 no 
Z3 ; s (A 3NT K , Z 3 ) X (Y 3N r Z 3 ) i 
Z3 t = ( A 4 N [ K # Z l ) X (Y4NIZ3) 1 
Z3 1 = ( a 5 N T K , Z 3 ) X (Y5NCZ3) i 
Z3 1 - c A<sNr»ozi) X ( Y 6 N [ Z 3 ) } 
Z3 j = Cf t7NrK . 71 ) X (Y7N r Z 3) I 
Z3 { c ( * 3 N r K , Z ] ) X (Y3NTZ3 ) X ( S C C } M ) 
Z3 I a ( M N f K#Z1 > X (Y4NCZ3) X (SCC4M) 
Z3 1 = (A5NrK,Zl) X (Y5NfZj ) X ( S C C v ) 
Z3 j = ( A 6 N T K » Z 3 ) X (Y6NCZ ] ) X ( SCC 6K') 
Z3 f s C a 7 N T K , Z i ) X (Y7NfZ3> X ( SCC7*) 
Z3 : = ( a 3 P [ k * Z 1 ) X (Y3P[13 3 I 
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D L , 3 : 
B G > 
C i i T D F C l s I r i N f 0 . 1 o » 0 . * 0 » 0 . 2 0 » 0 » 7 0 » 0 . 3 o » 0 . ^ 0 » 0 . 4 0 » 
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1 . O o M . 0 0 . 1 . 0 0 ) > 
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E N D t 
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BEGTN 
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E N D I 
F O R 7 I s 0 S T E P 1 U N T I L u oo 
BEGUi 
C5N[«L*7] 1= O . o 
S 5 N f K l * 7 J «r 0 .0 
E N D t 
F O R 7 1= 0 STEP 1 U N T I L 9 D P 
B E G I N 
C6NTKL.7I »s O . o 
s 6 N r K L * 7 l «s 0 ,0 
E N D I 
F O R 7 i s o S T E P i U N T I L 7 on 
BEGTN 
C7NTKL.7I ' s O . o 
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F O R 7 I s 0 S T E P 1 U N T I L 15 D O 
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b e g t n 
C 4 P T K L # 7 ] «= O . o * 
S 4 P f K L # 7 ) I . O . o I 
E n d i 
f O R 7 i . 0 S T E P 1 UNTIL 1 1 n Cl 
b e g i n 
C 5 P t K L * 7 ] ' r O . n I 
S 5 P [ k L ' 7 1 ' * ° « n ; 
E n d i 
F o r 7 t « o S T E P 1 UNTIL 9 Dp 
b e g i n 
C 6 P [ K L * 7 ] i « O . n * 
s 6 p l k L > 7 3 : = O . n ; 
End ; 
FOR 7 ' = 0 S T E P l UNTIL 7 Dn 
b e g i n 
C 7 P [ k L # 7 J » « O . o t 
S 7 P [ k l * 7 ] j c o . o ; 
End i 
End 5 
C c U T r K l l a n E M AMD [ k I - C R E M f K . 3 0 1 ] I 
A c U T r K ] « a s l l M M f t T l n N < Z > 0 ' 4 1 , C 3 N [ K L » 7 ] • C 4 N T K L . 7 ] 
+ C 5 M [ k L , 7 ] + C 6 N [ K L * Z 1 + C 7 N [ K l . * Z ] • 
r 3 P [ * U z i • C 4 P I k L * 7 1 • C 5 P l K L * Z l • 
r 6 P [ K L , 7 ] • C 7 P [ K L , Z 1 • S 3 N t K L » 7 1 • 
S 4 N [ « L » 7 1 • S 5 N C k L » Z 1 • s 6 N t K L ' Z J • 
s 7 N [ K L , 7 l • S 3 P [ K L » Z ] • S 4 P [ K L » Z l • 
S 5 P [ « L , 7 ] • S 6 P C k L » Z 1 • S 7 P C k L * Z 1 ) I 
CPAIk^ I s C c U T C k 1 / » C U T t K 1 * 
U S O f K l | » C R F M [ K . 3 0 l 1 ; 
I F T r . S U J GEO (?">) X ( A V D E M f K l ) THEN GO TO P |_ l 
E L S F 
I F T f S f K ] G f « ( ? 0 ) y ( A V O E M r K l ) THEN G O TO P l . 2 
E L S F 
I F T C S I K I G r O f l * 5 ) x ( A V D E M r K l ) T H E N G O TU PL 3 
E L S F 
IF T c S I k I GFQ C i O ) X ( a V D E M T K ] ) T H E M g o T O p l a 
e l s e 
I F T c S L k I GFQ C O x ( A V D E M r K ] ) THEN GO TO P[.5 
ELSE 
GO T o P | 6 ; 
P L 1 , 
Br, i 
PLAN x D E r l S I n N C O ' . 1 0 . 0 , 1 5 * 0 . 2 0 * 0 . 2 5 . 0 . 3 0 ) ; 
E n d i 
GO Tn GpOWTM i 
P L 2 I 
Bg » 
PLANtDEc I S I P N C O ' . 3 0 . 0 . 3 5 * 0 , 4 0 * 0 , 4 5 * 0 , 5 0 ) I 
E n d } 
Go Tn GpOWTH ' 
^ 3 , 
b g i 
P L A N y D E r I S I n N ( 0 . 5 0 , 0 . 5 5 * 0 . 6 0 * 0 , 6 5 , 0 . 7 0 ) I 
E n d i 
G o Tn G r o w t h ' 
f»L4 l 
b g i 
P L A N y D E p I S I O N ( 0 . 6 0 , 0 . 6 5 * 0 , 7 0 * 0 . 7 5 , 0 , 8 0 ) J 
E n d i 
GO Tn GpOWTM ; 
P L 5 , 
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Br, i 
PLAMTDErisiPNCO . /o .n. /S'Otan .o . f lS .o^o) i 
E N D I 
Gn Tn GpOWTH * 
B G i 
PLANTDErISInN(O.80»O.flS'0.9O»0,95*1.00) ' 
E N D i 
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B G J 
F O R 7 ' * 
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G 3 N f K L # 7 ] 
G4Nr«L»7J 
G 5 N [ K L » 7 ] 
G 6 N I K L » 7 1 
G 7 N T K L # 7 ] 
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G 5 P r K L ' 7 ] 
G 6 P t K L * 7 3 
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E N D t 
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T F (GAVOIJT 
TFCGAVOUT 
F 6 n ) I 
E7^.J) ) 
F 7 A » K ) I 
F 7 ^ # L 3 J 
F 7 * # J K ) J 
F ? 7 ' K L 3 * 
F7«#K) I 
F 7 Q » D F M R A M [ K I ) 
F80'DEMAN0tK 3 ) 
E81»AVnEMr* 1 ) 











I F K NEO 0 THEN 
WRTTFCGAVnUT,F8vA3PCCrK] • A 4 P C C [ K ] > A5PCC[K1 • 
A < s P C C r K 3 • A7PCC T K I • A 3 P S C T K ] • A4PSrtK3 • 
AsPSCrK3 + A6PSCTK3 > A7PSC[K 3 • A3NCC[K1 > 
Az, NCC r K J *• A 5 N C C I K 3 • A 6 N C C C K 3 • A 7 N C C I K 3 + 
A3NSCTK3 • A4MSCrK3 • A5NSC[K 3 > A6NSCtK3 * 





W R I T F C G A V O U T , F 8 ^ , C R F M [ K ' 5 0 3»CREM[K#1003. 
CpEM[K,l5o]#CREM[K-#200)> J 
WRlTF(GAV0UT,F8A#CREMtK»250TCREMtK*30t ] ) \ 
W R ! T F < G A V 0 U T [ P A G E 3 ) > 
WRITFCGAVOUT,E90) f 
W R I T F C G A V 0 U T # F 9 I ) \ 
WR ITFCGAV0UT,E9?#ACI 3Pr K 1 #AOL4PCK3* ACLSP[K 3. 
AfLftPrK], ACL7P[»<3 ) I 
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HRlTFCGAVniiT,F<M) | 
F O R 7 » s o S T E P i. U N T I L A I n n 
w R I T F ( G A V n U T , E 9 f l , Z , A 3 N r K , Z l , A 3 P r K » Z ] . A a M t K , 7 ] * 
A^PCK. , Z l » A ' I N R K * Z ] , A l 3 P r K » / 1 , A 6 M [ K * 7 l > A ( S P t K , 7 3 » 
A 7 M r K , 7 ] # A ' P r K « Z l ) * 
W R T T F < G A VOUTCPAp,E I > » 
w R I T F ( G A V f j | j T , F 9 s ) I 
WRTTF(GA V n i ) T » F 9 f ) > 
W R I T F C G A V U I J T » F 9 7 > » 
w R I T F ( G A V n i J T#FQp ) J 
W R I T F C G a V P U T u f o ) J 
WRITF(GAVOllT»FlnO) I 
FpR 7 t s 0 STEP 1 UNTIL Al nil 
W R l T F ( G A V n U T » F l n l * 7 » C 3 w t K L # 7 J ' S 3 N t K | # Z ] » C 3 P r K L # 7 1 ' 
S i P [ K L , Z l , C 4 M r K L , 7 ] » S A N f K | , Z J , C 4 P r K L , 7 l , 
SiP[KltZ1,C5NrKL,7]#S«iNtKL#Zl#C5PrKL»71» 
s « = P [ K L . z i ) ; 
w RITF(GAVHUTrPAr ,E] ) ) 
W R T T F ( G A V 0 U T # F 9 ^ ) | 
W R I T F ( G A V P U T , F 1 n ? ) I 
W R I T F ( G A V D U T » F l p 3 ) . 
w R I T F « G A V P U T . F lr,A ) J 
W R I T F ( G A V 0 U T , F I n 1 ? ) j 
W P l T F < G A V 0 U T , F l n 6 ) J 
EOR 7 l e 0 STEP 1 IINTII Al PO 
»»RlTF(GAVOUT»FlnT r»7#C6NrKLt7 3 > S f NIK| * Z 1 , C 6P T K L » 7 T 
S * ; P [ K L , Z J , C 7 W r K L , Z ] » S 7 N [ K L , Z l , C 7 P r K L . 7 1 # 
S7PIKI » Z 1 ) j 
GO Tn C| OCKCHtC* J 
* 
C L O C K C H F C K . 
I F T T M E Y G F O LEMGTH T H F N G O T O F N P O F R U N 




« G t 
T I M F y t B T I M F X + D T \ 
J 1 8 J + 1 \ 
K t » K + 1 t 
L t x L + 1 J 
J K t r J K + 1 i 
K L t = K L • « ; 
E N D I 
GO Tp L F VELTPMPiiTE ? 
E N D O F R U N t 
E N D . 
E N D J F N D , L A S T C A R D nv O C R D I N G T A P F 
APPENDIX E 
INITIAL CONDITIONS IN THE FOREST MANAGEMENT MODEL 
I n i t i a l Conditions—Plantation Land (Acres) 
AGE 
SITE INDEX 
TOTAL 30 40 50 60 70 
ACL 7 27 78 469 419 1000 
0 4 18 60 356 298 736 
1 4 19 61 377 299 760 
2 4 19 64 396 300 783 
3 5 20 64 406 304 799 
4 5 20 65 4 1 1 308 809 
5 6 20 66 416 310 818 
6 6 20 66 421 310 823 
7 7 20 67 424 313 831 
8 7 21 68 427 313 836 
9 8 21 69 433 315 846 
10 8 21 71 439 321 860 
1 1 9 22 73 445 325 874 
12 9 22 75 456 330 892 
13 10 22 78 464 336 910 
14 10 23 81 475 339 928 
15 1 1 23 84 496 341 955 
16 10 24 87 516 350 987 
17 9 26 89 514 357 995 
18 8 27 90 508 360 993 
19 6 28 88 488 369 979 
20 5 28 84 470 375 962 
21 4 26 75 439 385 929 
22 3 25 68 402 389 887 
23 2 24 55 345 388 814 
24 1 22 44 275 375 717 
25 1 20 31 215 360 627 
26 0 18 19 132 340 509 
27 0 16 12 73 318 419 
28 0 12 7 32 279 330 
29 0 8 3 15 205 231 
30 0 6 1 5 110 122 
31 0 4 0 0 32 36 
32 0 3 0 0 0 3 
33 0 0 0 0 0 0 
34 0 0 0 0 0 0 
35 0 0 0 0 0 0 
36 0 0 0 0 0 0 
37 0 0 0 0 0 0 
38 0 0 0 0 0 0 
39 0 0 0 0 0 0 
40 0 0 0 0 0 0 
41 0 0 0 0 0 0 
Total 169 675 1943 1 1 , 7 4 0 1 0 , 4 7 3 25,000 
I n i t i a l Conditions—Natural Land (Acres) 
SITE INDEX 
AGE 30 40 50 60 70 TOTAL 
0 178 401 714 401 89 1 ,783 
1 178 401 714 401 89 1 ,783 
C
M
 178 401 714 401 89 1 ,783 
3 178 401 714 401 89 1 ,783 
4 178 401 714 401 89 1 ,783 
5 178 401 714 401 89 1 ,783 
6 178 401 714 401 89 1 ,783 
7 178 401 714 401 89 1 ,783 
00
 178 401 714 401 89 1 ,783 
9 178 402 714 402 89 1 ,785 
10 178 402 714 402 89 1 ,785 
1 1 178 402 714 402 89 1 ,785 
12 178 402 714 402 89 1 ,785 
13 178 402 714 402 89 1 ,785 
14 178 402 714 402 89 1 ,785 
15 178 402 714 402 89 1 ,785 
16 178 402 714 402 89 1 ,785 
17 178 - 402 714 402 89 1 ,785 
18 179 402 714 402 89 1 ,786 
19 179 402 714 402 89 1 ,786 
20 179 402 714 402 89 1 ,786 
21 179 402 714 402 89 1 ,786 
22 179 402 714 402 89 1 ,786 
23 179 402 714 402 89 1 ,786 
24 179 402 714 402 89 1 ,786 
25 179 402 714 402 89 1 ,786 
26 179 402 714 402 89 1 ,786 
27 179 402 714 402 89 1 ,786 
28 179 402 714 402 89 1 ,786 
29 179 402 714 402 89 1 ,786 
30 179 402 715 402 90 1 ,788 
31 179 402 715 402 90 1 ,788 
32 179 402 715 402 90 1 ,788 
33 179 402 715 402 90 1 ,788 
34 179 402 715 402 90 1 , 7 8 8 
35 179 402 715 402 90 1 ,788 
36 179 402 715 402 90 1 ,788 
37 179 402 715 402 90 1 ,788 
38 179 402 715 402 90 1 ,788 
39 " 179 402 715 402 90 1 ,788 
40 179 402 715 402 90 1 ,788 
41 179 402 715 402 90 1 ,788 
Total 7,500 16 ,875 30,000 1 6 , 8 7 5 3,750 75,000 
APPENDIX F 
SAMPLE TABULAR OUTPUT OF THE FOREST MANAGEMENT MODEL 
YEARLY DATA 
J = 5 5 
K = 5 6 
L » 5 7 
JK = 5 5 
KL = 5 6 
YEAR = 5 6 
OEMRAM = 1 1 2 0 0 . 0 
DEMAND = 1 0 0 0 0 0 , 0 
AVOEM = 1 0 0 0 0 0 , 0 
TCS = 8 9 5 2 7 6 . 9 0 
ACRES C U T ( J TO K ) = 4 2 0 4 , 9 0 7 
ACRES TO CUT(K Tn L) = 4 2 0 2 . 8 4 7 
CORDS CUTCK TO L ) = 1 0 0 0 0 0 , 0 0 
CORDS PER AC RE(K TO L) = 2 3 , 7 V 
UNSATISFIED DEMANDCK 1 0 L> » O . O U 
C R E M t K » 5 0 3 A 1 0 0 0 U O . O O CREMtKMOOl = 9 7 5 5 1 . 8 3 C R E M [ K M 5 0 1 = 0 . 0 0 C R F M t K . 2 0 0 ] = 0,00 
C R E M t K * 2 5 0 ] * 0 . 0 0 C R F M [ K , 3 0 1 ] = 0,00 
cn 
V A L U E S O F L E V E L S 
A C L 3 P U L A C L 4 P C K J A C L 5 P U 1 ACL6P[K 1 ACL7PCK1 
0 . 00 1 1 1 1 . 3 . ) 8 2 3 , 7 0 1 6 4 9 , 6 6 3 4 3 . 6 3 
' I E A 3 M [ * » 7 ] A 3 F 1 1 K < 7 1 A 4.'J r K • / 1 A 4 P 1' .< , / ] A 5 M [ K , 7 I A 5 P [ K J / 1 A 6 N [ K » Z 1 « 6 P [ K , / J A t N R K • 7 1 A 7 P R K , Z J 
••) ()• 0 0 0 0 0 9 ? 5 . 9 7 7 8 0 . 3 4 ! 1 4 . ? 4 6 ? 5 7? N • 4 N 1 - 7 3 8 . 6 7 0 5 0 0 3 3 8 - 7 6 
1 0* 0 0 0 0 0 9 5 . 2 6 5 1 5 . 4 1 1 3 1 . ? 1 3 l 7 4 9 l\ • 1 7 ? ? 1 5 . 4 8 O . 0 0 3 3 3 . 1 7 
2 0 « 0 0 0 0 0 8 1 . 01 1 5 4 . 5 8 1 1 4 . 2 « 6 2 0 3 7 2 . 3 9 2 2 7 3 . 5 9 O . 0 0 3 9 4 . 6 8 
3 0» 0 0 0 " 1 0 1 8 . 1 2 IV* . 1 2 9 5 . 5 « V - ) 3 1 6 ? . 5 4 ? ? 6 n . 2 2 O . 0 0 3 9 8 . l o 
4 0 0 Q« On ? 3 6 . 79 9 . 9 ? 2 5 . 9 7 7 4 3 . 9 5 ? . 1 5 2 2 5 6 . 9 7 0. no 4 ( ) 0 . 8 o 
5 O » 0 0 0« 0 0 8 . Hi 0 • 0 0 2 0 4 . 2 1 67<*. 35 0 . 0 0 2 36 4 . O » 0 « no 4 0 6 . 5 2 
6 O « 0 0 0 « 01 U • O O • ) • 0 0 1 0 6 - 5 2 9 9 3 6 1 0 . 0 0 2 0 4 3 . 8 9 O . on 4 2 5 . 6 1 
7 o« 0 0 O . 0? 0 « 0 0 0. 0 0 1 2 1.9ft 1 6 6 ? . 8 5 0 . 0 0 1 2 7 7 . 0 6 O . 0 0 '16 2 . 0 3 
8 O « 0 0 0 0 6 0 • 0 0 "). oc 4 6 6 . 1 7 1 8 ] 9 1 1 0 . 0 0 1 1 5 3 . 5 1 O . 0 0 4 1 1 . 3 3 
9 0 « 0 0 o. 2 0 0« 0 0 N . 0 1 6 2 7 . ( ) 4 ? 3 o 6 . 4 6 ? . 6 7 5 8 0 . 0 2 o . no 4 3 3 . 6 6 
1 0 0 « 0 3 0 3 4 0 . 0 0 0 . 0 1 7 5 4 . 9 8 1 7 7 5 2 5 9 . 3 6 9 5 7 . 5 0 o . oo 5 0 9 . 6 0 
1 1 o • 0 5 0 » O 3 0 . 0 0 O . o 3 7 2 1 . 7 0 2 2 38 2 9 0 • 0 0 1 2 6 . 7 3 0 . 0 0 7 7 4 . 0 1 
1 2 O . 0 0 2 > V)9 O . •) 0 0 . 1 3 7 2 0 . 9 3 1 2 0 9 78 0 . 0 0 3 0 2 . 0 3 o . 0 0 1 4 2 2 . 1 9 
1 3 0 * 0 0 6 9 8 0« 0 0 0 • 5 3 7 2 0 . 5 ? 1 1 2 5 72 N . 0 0 3 3 0 . 9 8 o . oo 14 1 4 . 8 8 
1 4 ( ) • 0 0 2 3 2 7 (). 0 0 2 . 0 2 7 0 0 . 7 2 38 8 7 0 . 0 0 6 1 7 . 5 3 0 . 0 0 2 1 8 2 , 2 1 
1 5 ()• 0 0 11 5 6 0 « 0 1 0 . 0 0 1 9 4 . 3 3 4 . 0 1 8 4 6 . 5 7 O . 0 0 1 8 5 6 , 9 7 
1 6 1 3 3 . 6 3 1 5 3 4 4 0 « 0 0 3 1 . 3 7 0 . 0 0 5 6 2 78 4 . 0 1 1 0 3 4 . 8 4 O . 0 0 1 3 8 5 , 5 5 
1 / 1 3 3 . 8 4 « 0 4 5 0 ()• 0 0 1 ? 5 . 4 1 1 . 6 8 . 9 8 5 3 5 02 4 . 0 1 1 6 3 6 . 5 3 O . 0 0 3 2 9 , 3 2 
1 8 1 1 8 5 . 3 4 4 1 9 » ? 1 ()• 0 3 5 O I . 1 5 0 . 0 8 1 3 5 5 6 1 ? • 0 3 1 2 0 3 . 2 0 O . 0 0 0« 0 0 
I * 1 6 6 7 . 8 2 9 3 . 33 5 9 5 . 5 3 7 9 o . 9 5 0 . 0 0 « 5 . 9 3 fi . 04 1 5 6 2 . 5 4 0 . 0 0 0 , 0 0 
2 0 1 5 1 . 6 8 3 7 5 8 1 0 9 8 . 9 3 7 3 2 . 0 6 o . o o 4 ? 9 4 3 8 . 04 1 1 4 . 5 9 0 . 0 0 0« 0 0 
2 1 1 3 « 4 ? 0 « 0 0 1 3 Vt • 6 9 2 08 . 8 4 2 « 5 . 6 0 4 3 1 - 2 6 0 • 0 0 0 . 0 0 o . 0 0 0 , 0 0 
2 2 0 « 0 0 0 < 0 0 3 5 8 . 5 1 1 8 . 3 6 2 8 5 . 6 0 4 36 7 9 0 . 0 0 0 . 0 0 O . 0 0 0 , 0 0 
2 3 n« 0 0 0< 0 0 ?. 0 0 1 9 . 4 4 ? 8 5 . 6 u 450< 7() 0 • 0 0 0 . 0 0 O . oo 0« 0 0 
2 4 ()• 0 0 0 « 30 2. 1 0 2 1 . 0 5 2 8 5 . 6 0 4 7 4 . 3 9 0 . 0 0 0 . 0 0 o . oo 0 , 0 0 
2 5 0* 0 0 0« 0 0 ?• 1 0 2 7 . 5 2 2 8 5 . 6 0 4 39 9 3 0 . 0 0 0 . 0 0 o . oo 0 , 0 0 
2 6 0* 0 0 0« 0 0 ?. 1 0 5 3 . 3 7 2 8 5 . 6 0 2 4 6 . 0 6 0 . 0 0 0 . 0 0 0 . 0 0 o . o o 
27 ()• 0 0 o . 0 0 0« 00 >.\ 3 . 4 9 1 1 2 . 5 3 3 1 1 . 1 2 0 . 0 0 0 . 0 0 0 . no 0 . 0 0 
2 8 o . oo o . 0 0 2 4 3 . 4 0 3 1 2 . 1 f t 5 3 . 3 5 9 7 9 . 4 9 0 . 0 0 0 . 0 0 0 . oo 0 . 0 0 
2 9 0 * 0 0 0« 0 0 2 8 6 . 6 6 6 2 0 . 3 0 * 9 o . 9 2 0 < 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
3 0 o . 0 0 o . 0 0 7 7 4 . 2 6 8 7 7 . 6 8 2 8 5 . 6 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
3 1 o . 0 0 o . 0 0 1 5 6 6 . 4 ? 3 2 0 . 3 9 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
3 2 o . 0 0 0 . 0 0 5 9 0 . 1? ' ( 2 . 6 4 0 . 0 0 0 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
3 3 O . 0 0 0 . 0 0 5 . 0 0 3 5 . 5 4 0 . 0 0 o . 0 0 0 . 0 0 0 . 0 0 0 . oo 0 . 0 0 
3 4 o« 0 0 0« 0 0 ?. 7 0 6 9 . 2 6 0 . 0 0 0 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
3 5 O . 0 0 O . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
3 6 O . 0 0 0 0 4 2 . 8 1 0. 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
3 7 o . 0 0 o . 0 0 1 4 6 5 . 0 6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 O . O O 
3 8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
3 9 O . 0 0 0 . 0 0 O . 0 0 0 . 0 0 0 . 0 0 0 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
4 0 0 . 0 0 0 . 0 0 O . 0 0 0 . 0 0 0 . 0 0 0 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 
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